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i N A S A  T T  F - 1 1 , 5 6 7  

ASTROPHYSI CAL PHENOMENA AND RAD1 OCARBON 

B . P .  K o n s t a n t i n o v  and G.E. K o c h a r o v  

A B S T R A C T :  The p r e s e n t  paper i s  an e x p a n s i o n  of 
t h e  s t u d y  of t h e  b a s i c  r e l a t i o n s h i p s  be tween  
as t r o p h y  s i  ea1  phenomena and rad iocarbon ,  as 
p r e s e n t e d  by  t h e  a u t h o r s  i n  C11. Determina t ion  
of t h e  rad iocarbon  c o n t e n t  i n  dendrochrono log i -  
c a l l y  d a t e d  samples  is used t o  s t u d y  s o l a r  cy -  
c l i c  a c t i v i t y ,  f l a r e s  from supernovae ,  e t c .  In 
a d d i t i o n ,  t h e  a tmospher ic  C1'+ c o n c e n t r a t i o n  can 
be used  t o  de t e rmine  t h e  c h a r a c t e r i s t i c  t i m e s  
f o r  Cl4 d i s p e r s i o n  i n t o  v a r i o u s  r e s e r v o i r s .  

I .  I N T R O D U C T I O N  

The i n t e n s i t y  o f  p h y s i c a l  e x p e r i m e n t a t i o n  i n  s p a c e  i s  i n c r e a s -  - /2%? 
i n g  s h a r p l y  w i t h  t h e  d e v e l o p m e n t  o f  s a t e l l i t e  t e c h n o l o g y .  R e s e a r c h  
i n  s p a c e  i s  o f  p u r e l y  s c i e n t i f i c  as  w e l l  as  p r a c t i c a l  i n t e r e s t .  
N a t u r a l l y  , s u c h  a d i v i s i o n  o f  i n t e r e s t s  i s  p a r t i c u l a r l y  a r b i t r a r y  
s i n c e ,  w i t h o u t  a k n o w l e d g e  o f  t h e  m e c h a n i s m s  o f  p r o c e s s e s  i n  s p a c e ,  
( t h e  s c i e n t i f i c  s i d e  o f  t h e  q u e s t i o n ) ,  w e  c o u l d  n o t  c a r r y  o u t  manned  
s p a c e  f l i g h t s .  A t  t h e  same t i m e ,  for a d e t a i l e d  s t u d y  o f  v a r i o u s  
p h e n o m e n a  , we m u s t  p e r f o r m  o u r  e x p e r i m e n t s  w i t h  t h e  p a r t i c i p a t i o n  
o f  t h e  crews o f  t h e  s p a c e c r a f t .  T h u s ,  t h e  t w o  s i d e s  o f  t h e  q u e s t i o n  
a r e  i n t e r r e l a t e d  a n d  c o m p l e m e n t  e a c h  o t h e r .  

I t  i s  w e l l  known t h a t ,  f r o m  t h e  p o i n t  of v i e w  o f  t h e  s a f e t y  
o f  t h e  f l i g h t s ,  a p r e d i c t i o n  of  t h e  c o n d i t i o n  o f  t h e  S u n ,  w h i c h  
e s s e n t i a l l y  d e t e r m i n e s  c o n d i t i o n s  i n  t h e  E a r t h ' s  a t m o s p h e r e  a n d  i n  
t h e  s p a c e  a r o u n d  t h e  E a r t h ,  h a s  g r e a t  s i g n i f i c a n c e .  A k n o w l e d g e  
o f  t h e  c h a r a c t e r i s t i c s  o f  v a r i o u s  p r o c e s s e s  on t h e  Sun  c a n  a l l o w  
u s  t o  p r e d i c t  t h e  S u n ' s  c o n d i t i o n .  For t h i s  p u r p o s e ,  w e  m u s t  n e c e s -  
s a r i l y  i n v e s t i g a t e  i n  d e t a i l ,  t h e  e n e r g y  s p e c t r u m  a n d  t h e  i n t e n s i t y  
o f  b o t h  c o r p u s c u l a r  a n d  e l e c t r o m a g n e t i c  s o l a r  r a d i a t i o n ;  w e  m u s t  
d e t e r m i n e  t h e  b e h a v i o r  o f  t h e  p r o c e s s e s  w i t h  t i m e .  

E x i s t i n g  r e s e a r c h  m e t h o d s  r e c o r d  e v e n t s  , f r o m  w h i c h  s i g n a l s  
a r e  o b t a i n e d  a t  t h e  t i m e  o f  t h e  e x p e r i m e n t ,  : . e . ,  c o n f o r m i n g  t o  
t h e  S u n ,  a n d  t h e  p r o c e s s e s  w h i c h  o c c u r  p r a c t i c a l l y  a t  t h e  same 
moment o f  t i m e  a r e  e x a m i n e d .  A t  t h e  same t i m e ,  i n  o r d e r  t o  e x a m i n e  
t h e  b e h a v i o r  o f  t h e  p r o c e s s e s  w i t h  t i m e ,  w e  m u s t  h a v e  d a t a  f o r  a 

~~ ~~ 

%'c Numbers  i n  t h e  m a r g i n  i n d i c a t e  p a g i n a t i o n  i n  t h e  o r i g i n a l  t e x t .  
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s u f f i c i e n t l y  l o n g  p e r i o d  of  t i m e .  The l e n g t h  o f  t h e  i n t e r v a l ,  
n a t u r a l l y ,  d e p e n d s  on w h i c h  phenomenon w e  a r e  s t u d y i n g .  I f ,  f o r  
e x a m p l e ,  we a r e  s p e a k i n g  o f  a n  8 0 - y e a r  c y c l e  o f  s o l a r  a c t i v i t y ,  
t h e  l e n g t h  o f  t h e  i n t e r v a l  s h o u l d  b e  1 0 0  y e a r s ,  e t c .  K n o w l e d g e  of  
t h e  S u n ' s  c o n d i t i o n  f o r  a l o n g  i n t e r v a l  i n  t h e  p a s t  c a n  a l l o w  a 
p r e d i c t i o n  o f  i t s  c o n d i t i o n  i n  t h e  f u t u r e .  I n  c o n n e c t i o n  w i t h  
t h i s  , r e s e a r c h  i n  t h e  m e t h o d s  o f  i n v e s t i g a t i n g  t h e  S u n ' s  c o n d i t i o n  
t h e  a t m o s p h e r e  o f  t h e  E a r t h ,  a n d  t h e  s p a c e  a r o u n d  t h e  E a r t h ,  i s  o f  
i n t e r e s t .  The  n e c e s s i t y  o f  f i n d i n g  " e y e w i t n e s s e s "  o f  t h e  p a s t  d o e s  
n o t  a r i s e  o n l y  i n  c o n n e c t i o n  w i t h  t h e  s t u d y  o f  t h e  c h a n g e s  i n  t h e  
S u n ' s  c o n d i t i o n  w i t h  t i m e .  The m e c h a n i s m  o f  t h e  f l a r e s  o f  s u p e r -  
n o v a e  , o b j e c t s  w h i c h  a r e  p r e s e n t l y  c o n s i d e r e d  as  s o u r c e s  o f  c o s m i c  
r a y s ,  i s  s t i l l  u n c l e a r .  The d i f f i c u l t y  i n  e x a m i n i n g  t h e  f l a r e s  o f  
s u p e r n o v a e  i s  c a u s e d  t o  a l a r g e  d e g r e e  b y  t h e  f a c t  t h a t  t h e  s e n s i -  
t i v i t y  o f  c o n t e m p o r a r y  m e t h o d s  o f  r e c o r d i n g  r a d i a t i o n  (gamma a n d  
x - r a y s ,  n e u t r i n o s )  d o e s  n o t  p e r m i t  s t u d y i n g  f l a r e s  f r o m  s t a r s  w h i c h  
a r e  l o c a t e d  i n  o t h e r  g a l a x i e s .  W h e t h e r  or n o t  t h e r e  w i l l  b e  a f l a r e  
i n  o u r  g a l a x y  i n  t h e  n e a r  f u t u r e  i s  unknown.  I t  i s  c e r t a i n l y  w e l l  
known t h a t ,  i n  t h e  l a s t  m i l l e n i u m ,  i n  o u r  g a l a x y ,  f l a r e s  o c c u r r e d  
i n  a t  l e a s t  t h r e e  s u p e r n o v a e .  The q u e s t i o n  n a t u r a l l y  a r i s e s :  d i d  
t h e s e  f l a r e s  l e a v e  a t r a c e  i n  t h e  s o l a r  s y s t e m ,  w h i c h  w o u l d  a l l o w  
t h e  c h a r a c t e r i s t i c s  o f  t h e  f l a r e s  t o  be  d e t e r m i n e d ?  

/ 3  - 

I n  1 9 6 5 ,  t h e  a u t h o r s  o f  t h i s  p a p e r  C11 were  c o n c e r n e d  w i t h  t h e  
p o s s i b i l i t y  o f  e x a m i n i n g  v a r i o u s  a s t r o p h y s i c a l  p h e n o m e n a  by d e t e r -  
m i n i n g  t h e  r a d i o c a r b o n  c o n t e n t  i n  s a m p l e s  o f  known a g e .  

T h i s  p a p e r  i s  d e d i c a t e d  t o  a d e v e l o p m e n t  a n d  more  d e t a i l e d  
e x a m i n a t i o n  of t h e  b a s i c  f i n d i n g s  i n  t h a t  a r t i c l e .  

11. D I S T R I B U T I O N  O F  C 1 4  I N  V A R I O U S  R E S E R V O I R S  

The  o p i n i o n  t h a t  C 1 4  i s  p r o d u c e d  b y  t h e  a c t i o n  o f  c o s m i c  r a y s  
o n  t h e  E a r t h ' s  a t m o s p h e r e  i s  g e n e r a l l y  a c c e p t e d .  N e u t r o n s  o f  t h e  
s e c o n d a r y  c o m p o n e n t  o f  c o s m i c  r a y s  form r a d i o c a r b o n  b y  t h e  r e a c t i o n  
N 1 4 ( n , p ) C 1 4 . 1  R a d i o c a r b o n ,  l i k e  r e g u l a r  c a r b o n ,  i s  o x i d i z e d  a n d  
m i x e s  w i t h  n o r m a l  c o a r b o n  d i o x i d e  i n  t h e  a t m o s p h e r e .  P l a n t s  a b -  
s o r b  c a r b o n  d i o x i d e  f r o m  t h e  a t m o s p h e r e ,  a n d  a n i m a l s  w o r l d s  c o n t a i n  
r a d i o c a r b o n .  A t m o s p h e r i c  c a r b o n  d i o x i d e  a l s o  p e n e t r a t e s  i n t o  t h e  
o c e a n s  as d i s s o l v e d  c a r b o n a t e  a n d  b i - c a r b o n a t e .  T h e r e f o r e ,  w e  c a n  
s e e  t h a t  t h e  r a t i o  b e t w e e n  t h e  c o n c e n t r a t i o n s  o f  r a d i o c a r b o n  a n d  
r e  u l a r  c a r b o n  i s  a r o u n d  ( i n  r e s e n t - d a y  o r g a n i c  s u b s t a n c e ,  / 4  
(2'' = 9 8 . 9 % ,  C 1 3  = 1.1%, C 1 4  = lod1'%). 
f r o m  t h e  e x c h a n g e  c y c l e  b e c a u s e  o f  t h e  d e a t h  o f  a n  a n i m a l  o r  p l a n t ,  
t h e  d e c a y  o f  C 1 4  i s  n o t  c o m p e n s a t e d  f o r  b y  t h e  a s s i m i l a t i o n  o f  C 0 2  

- 
I f  a s a m p l e  i s  r e m o v e d  

~~ 

R a d i o c a r b o n  i s  a l s o  f o r m e d  b y  t h e  r e a c t i o n s  0 1 s ( n , H e 3 ) C 1 4 ,  0 1 7  
( n , a ) c 1 4 ,  N 1 5 ( n , d ) C 1 4 ,  C 1 3 ( n , y ) C 1 4 .  HOwever ,  we can  e a s i l y  shsw 
t h a t  t h e  c o n t r i b u t i o n  o f  t h e s e  r e a c t i o n s  t o  t h e  r a t e  o f  C 1 4  forma- 
t i o n  i s  n e g l i g i b l y  s m a l l .  
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f r o m  t h e  a t m o s p h e r e  a n d ,  t h u s  , t h e  c o n c e n t r a t i o n  o f  r a d i o c a r b o n  d e -  
c r eases  f o r  t h e  p e r i o d  o f  t h e  h a l f - l i f e  of  C 1 4 ,  w h i c h  i s  e q u a l  t o  
T 1 / 2  E 5 7 3 0  y e a r s  c21. 

T h e r e f o r e ,  e x p e r i m e n t a l  d e t e r m i n a t i o n  o f  t h e  q u a n t i t y  o f  n o n -  
d e c a y i n g  a t o m s  i n  a c a r b o n i f e r o u s  m a t e r i a l  p e r m i t s  c a l c u l a t i o n  o f  
t h e  t i m e  w h i c h  h a s  e l a p s e d  s i n c e  t h e  moment o f  t h e  c e s s a t i o n  o f  c a r -  
b o n  e x c h a n g e .  The r a d i o c a r b o n  d a t i n g  m e t h o d  C31, w h i c h  won t h e  
d i s c o v e r e r  o f  t h i s  m e t h o d  ( L i b b y )  t h e  N o b e l  Peace  P r i z e ,  i s  b a s e d  
o n  t h i s  f a c t .  The m e t h o d  o f  r a d i o c a r b o n  d a t i n g  i s  b a s e d  on t h r e e  
a s s u m p t i o n s :  

(1) The i n t e n s i t y  o f  c o s m i c  r a y s  a n d ,  t h u s ,  t h e  r a t e  o f  f o r -  
m a t i o n  o f  r a d i o c a r b o n  i n  t h e  E a r t h ' s  a t m o s p h e r e ,  i s  c o n s t a n t  d u r i n g  
s e v e r a l  p e r i o d s  o f  t h e  h a l f - l i f e  of C I 4 .  

(2) The p e r c e n t a g e  o f  r a d i o c a r b o n  i n  v a r i o u s  r e s e r v o i r s  i s  
c o n s t a n t  d u r i n g  t h e  same a m o u n t  of t i m e .  

( 3 )  The r a t e  o f  t r a n s f e r  o f  C 1 4  f r o m  t h e  a t m o s p h e r e  t o  o t h e r  
r e s e r v o i r s  , p a r t i c u l a r l y  t o  t h e  h y d r o s p h e r e ,  i s  a l s o  c o n s t a n t .  

By m e a s u r i n g  t h e  p e r c e n t a g e  o f  r a d i o c a r b o n  i n  s a m p l e s  w i t h  a 
known a g e ,  L i b b y  a n d  A n d e r s o n  C3l s h o w e d  t h a t  t h e  s p e c i f i c  a c t i v i t y  
o f  C 1 4  i s  c o n s t a n t  d u r i n g  s e v e r a l  p e r i o d s  o f  h a l f - l i f e ,  w i t h  a n  
a c c u r a c y  o f  s e v e r a l  p e r c e n t .  M o r e o v e r ,  t h e  r e l i a b i l i t y  o f  t h e  
d a t i n g  m e t h o d  was s h o w n ,  a n d  a b a s i s  for w i d e - r a n g i n g  r e s e a r c h  was 
p r o v i d e d .  

W i t h  d e v e l o p m e n t  o f  t h e  t e c h n i q u e s  o f  m e a s u r i n g  C I 4 ,  t h e  e x -  
i s t e n c e  o f  f l u c t u a t i o n s  i n  t h e  c o n c e n t r a t i o n  o f  r a d i o c a r b o n  i n  t h e  
E a r t h ' s  a t m o s p h e r e  w a s  d i s c o v e r e d .  I n  t h e  l a s t  1 0 0  e a r s ,  t h e  
l i b e r a t i o n  o f  " o l d  c a r b o n " ,  w h i c h  d o e s  n o t  c o n t a i n  C " ,  i n t o  t h e  
a t m o s p h e r e  a s  a r e s u l t  o f  c o m b u s t i o n  o f  b i l l i o n s  o f  t o n s  of f o s s i l  
f u e l  ( p e t r o l e u m ,  g a s ,  c o a l )  p l a y e d  a s u b s t a n t i a l  r o l e .  E s t i m a t e s  
s h o w e d  t h a t  i n  t h e  p e r i o d  o f  f r o m  1 8 6 0  t o  1 9 5 4  t h e  a m o u n t  o f  "old 
c a r b o n "  w h i c h  was a d d e d  t o  t h e  a t m o s p h e r e  w a s  a b o u t  13% o f  t h e  n o r -  
m a l  p e r c e n t a g e  o f  c a r b o n  i n  t h e  a t m o s p h e r e .  I f  d i s p e r s i o n  among 
v a r i o u s  r e s e r v o i r s  o c c u r r e d  i n s t a n t a n e o u s l y  , t h e  c o n c e n t r a t i o n  o f  
C I 4  i n  t h e  a t m o s p h e r e  s h o u l d  v a r y  b y  a t o t a l  o f  0 . 1 3 %  a n d  t h e  e f -  
f e c t  o f  r a r e f a c t i o n  ( S u e s s '  e f f e c t )  w o u l d  n o t  b e  known.  S u e s s  C 4 l  
s h o w e d  t h a t  t h e  C I 4  c o n c e n t r a t i o n  a c t u a l l y  d e c r e a s e d  b y  2% b e -  
c a u s e  o f  t h e  c o m b u s t i o n  e f f e c t .  P r o c e e d i n g  f r o m  t h e s e  d a t a ,  F e r -  
g u s s o n  C5] d e t e r m i n e d  t h e  a v e r a g e  l i f e t i m e  o f  a m o l e c u l e  o f  c a r b o n  
d i o x i d e  i n  t h e  E a r t h ' s  a t m o s p h e r e .  I t  w a s  l e s s  t h a n  7 y e a r s .  

V r i e s  [ 6 ]  was c o n c e r n e d  w i t h  s h o r t - l i v e d  c h a n g e s  i n  C 1 4  c o n -  
c e n t r a t i o n s  i n  s a m p l e s  o f  known a g e ,  d a t i n g  f r o m  1 7 0 0  A . D .  H e  a s -  
s u m e d  t h a t  t h e s e  f l u c t u a t i o n s  w e r e  c o n n e c t e d  w i t h  c l i m a t i c  c h a n g e s  
t h r o u g h o u t  t h e  w o r l d ,  a n d  h e  c o m p a r e d  t h e m  w i t h  t h e  a d v a n c e  a n d  
r e t r e a t  o f  g l a c i e r s  f r o m  t h e  1 7 t h  c e n t u r y  t o  t h e  p r e s e n t  t i m e .  
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An a n a l y s i s  o f  t h e  a n n u a l  l a y e r s  o f  wood ,  c o n d u c t e d  on s a m p l e s  
f r o m  t r e e s  w h i c h  were a c c u r a t e l y  d a t e d  f o r  t h e  l a s t  1 3 0 0  y e a r s ,  
s h o w e d  s u b s t a n t i a l  f l u c t u a t i o n s  i n  C 1 4  e r c e n t a g e  C 7 1 .  T h e s e  f l u c t -  
u a t i o n s  r e f l e c t  t h e  a c t u a l  c h a n g e s  i n  C T 4  p e r c e n t a g e  i n  t h e  c a r b o n  
d i o x i d e  o f  t h e  a t m o s p h e r e . 2  V a r i a t i o n s  of r a d i a t i o n  3n s p a c e  c a n  
b e  o n e  o f  t h e  more  p r o b a b l e  r e a s o n s  for t h e s e  c h a n g e s .  V a r i a t i o n s  
i n  r a d i a t i o n  i n  s p a c e  o c c u r  as a r e s u l t  o f  t h e  c y c l i c  c h a n g e  i n  
s o l a r  a c t i v i t y  a n d ,  p o s s i b l y ,  accompany  s u c h  r e l a t i v e l y  r a r e  phenom-  
e n a  as  t h e  f l a r e s  o f  s u p e r n o v a e ,  e t c .  

I n  c o n n e c t i o n  w i t h  t h i s ,  w e  w e r e  i n t e r e s t e d  [ll i n  t h e  i m p o r -  
t a n c e  o f  c o r r e l a t i n g  t h e  C 1 4  p e r c e n t a g e  i n  t h e  a n n u a l  r i n g s  o f  
b o t h  l i v e  t r e e s  a n d  t h o s e  w h i c h  h a v e  b e e n  a r c h a e o l o g i c a l l y  d a t e d ,  
w i t h  h i s t o r i c a l l y  known a s t r o n o m i c a l  p h e n o m e n a  or w i t h  d a t a  f r o m  
c o m t e m p o r a r y  o b s e r v e r s .  T h i s  w o u l d  p e r m i t  u s  t o  d e t e r m i n e  t h e  d a t e  
o f  a n y  c a t a s t r o p h i c  e v e n t  i n  t h e  p a s t .  

A t  t h e  t i m e  when o u r  a r t i c l e  was p u b l i s h e d  Ell, t h e r e  w a s  v e r y  
l i t t l e  e x p e r i m e n t a l  d a t a  on  C 1 4  c o n c e n t r a t i o n s  i n  s a m p l e s  o f  known 
a g e .  S u b s e q u e n t l y ,  t h e r e  a p p e a r e d  p a p e r s  [ E - 1 1 1  w h i c h  were d e d i -  
c a t e d  t o  e x a m i n i n g  t h e  p e r c e n t a g e  o f  r a d i o c a r b o n  i n  a g r e a t  q u a n -  
t i t y  o f  s a m p l e s  w h o s e  a g e  was known. 

S u c h  a v i g o r o u s  i n t e r e s t  i n  d e t e r m i n i n g  t h e  C 1 4  c o n c e n t r a t i o n  
i n  d e n d r o c h r o n o l o g i c a l l y  d a t e d  s a m p l e s  c o n v i n c e d  u s  e v e n  more  o f  
t h e  n e c e s s i t y  of  e x a m i n i n g  t h e  q u e s t i o n  o f  t h e  r o l e  o f  r a d i o c a r b o n  
i n  a s t r o p h y s i c a l  r e s e a r c h .  

The  t o t a l  a m o u n t  o f  C 1 4  i n  a l l  t h e  r e s e r v o i r s ,  d e t e r m i n e d  b y  
t h e  b a l a n c e  b e t w e e n  t h e  p r o c e s s e s  o f  d e c a y  a n d  f o r m a t i o n  o f  C 1 4 ,  
i s  a r o u n d  6 0  t o n s .  The  p r i n c i p a l  b u l k  ( 9 0 % )  o f  C 1 4  i s  c o n t a i n e d  
i n  t h e  h y d r o s p h e r e  ( b a s i c a l l y  i n  i n o r g a n i c  c o m p o u n d s ) ,  a n d  t h e  r e -  
m a i n i n g  a m o u n t  i s  i n  t h e  c a r b o n  d i o x i d e  o f  t h e  a t m o s p h e r e ,  i n  t h e  
b i o s p h e r e  o f  t h e  E a r t h ,  a n d  i n  humus .  The t o t a l  q u a n t i t y  o f  C 1 4  
i n  t h e  E a r t h ' s  a t m o s p h e r e  i s  - 700 k g  ( 3 * 1 0 2 *  a t o m s ) .  T h e r e  i s  
c a r b o n  e x c h a n g e  b e t w e e n  r e s e r v o i r s ,  a n d ,  on t h e  a v e r a g e ,  t h e r e  i s  
d y n a m i c  e q u i l i b r i u m .  I f ,  for some r e a s o n ,  t h e  C 1 4  p e r c e n t a g e  v a r -  
i e s  i n  o n e  o f  t h e  r e s e r v o i r s  ( i n  t h e  a t m o s p h e r e ,  for i n s t a n c e )  t h e n  
e q u i l i b r i u m  w i l l  a g a i n  b e  r e e s t a b l i s h e d  a f t e r  some t i m e .  I t  i s  
s i g n i f i c a n t  t h a t  t h e  vo lume  o f  t h e  a t m o s p h e r i c  r e s e r v o i r  i s  v e r y  
s m a l l  b y  c o m p a r i s o n  w i t h  t h e  w h o l e .  T h i s  l e a d s  t o  t h e  f a c t  t h a t  
e v e n  r e l a t i v e l y  g r e a t  c h a n g e s  i n  t h e  q u a n t i t y  of C 1 4  r e s u l t  i n  a 
s m a l l  c h a n g e  i n  t h e  t o t a l  a m o u n t  o f  C 1 4  i n  a l l  t h e  r e s e r v o i r s  t a k e n  
t o g e t h e r .  I n  c o n n e c t i o n  w i t h  t h i s ,  i t  i s  v e r y  i m p o r t a n t  t o  know 

The  y e a r l y  p r o c e s s  o f  c a r b o n  a s s i m i l a t i o n  i n  t r e e s  i s  c o n n e c t e d  
w i t h  t h e  f o r m a t i o n  o f  a new a n n u a l  l a y e r  o f  wood.  E a c h  y e a r ,  t h e  
g r o w i n g  l a y e r  i s  p r a c t i c a l l y  d i s c o n n e c t e d  f r o m  t h e  h y d r o c a r b o n  ex- 
c h a n g e ,  a n d  t h u s  t h e  C 1 4  p e r c e n t a g e  i n  t h e  a n n u a l  l a y e r  c o r r e s p o n d s  
t o  t h e  C 1 4  c o n c e n t r a t i o n  i n  t h e  a t m o s p h e r e  i n  t h e  y e a r  o f  f o r m a t i o n  
o f  t h a t  l a y e r .  
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t h e  d y n a m i c s  o f  t h e  r a d i o c a r b o n  e x c h a n g e  among t h e  r e s e r v o i r s .  

I n  o r d e r  t o  s o l v e  t h i s  p r o b l e m ,  t h e  c o r r e s p o n d i n g  b a l a n c e  
e q u a t i o n s  f o r  t w o  r e s e r v o i r s  a r e  u s u a l l y  c o n s t r u c t e d :  f o r  t h e  a t -  
m o s p h e r e  a n d  f o r  t h e  h y d r o s p h e r e 3  [10,121: 

w h e r e  t h e  s u b s c r i p t  1 r e f e r s  t o  t h e  a t m o s p h e r e  a n d  t h e  s u b s c r i p t  2 
r e f e r s  t o  t h e  h y d r o s p h e r e ;  X i s  t h e  q u a n t i t y  o f  C 1 4  i n  g . c m - 2 ;  Q 
i s  t h e  r a t e  o f  C I 4  f o r m a t i o n  i n  g.cm-2 y e a r s - ’ ;  A = l / . r  y e a r s - ’  i s  
t h e  c o n s t a n t  o f  C I 4  d e c a y ;  A 1  i s  t h e  p r o b a b i l i t y  o f  t r a n s f e r  o f  C I 4  
f r o m  t h e  a t m o s p h e r e  t o  t h e  h d r o s p h e r e  i n  a u n i t  t i m e ,  A2 i s  t h e  
p r o b a b i l i t y  o f  t r a n s f e r  o f  C y 4  f r o m  t h e  h y d r o s p h e r e  t o  t h e  a t m o -  
s h p e r e  i n  a u n i . t  t i m e .  

We w i l l  e x a m i n e  t w o  c a s e s :  ( a )  t h e  a m o u n t  o f  a t m o s p h e r i c  
r a d i o c a r b o n  v a r i e s  i n s t a n t a n e o u s l y  b y  t h e  v a l u e  A X 1  g . c m - 2 - ( 0 Q ( t ) =  
A X 1 6 ( t ) ) .  T h i s  ca se  c o r r e s p o n d s  t o  e x p l o s i v e  p r o c e s s e s  s u c h  as a 
t h e r m p n u c l e a r  b l a s t  or t h e  f l a r e  o f  a s u p e r n o v a .  ( b )  A Q ( t )  = 
IAQle lWt .  T h i s  ca se  c o r r e s p o n d s  t o  c y c l i c  p r o c e s s e s .  A s  a n  exam-  
p l e ,  w e  c a n  u s e  t h e  a c t i v i t y  o f  t h e  S u n .  L e t  u s  i n t r o d u c e  t h e  fol- 
l o w i n g  s y m b o l s :  A1 a n d  A2 a r e  t h e  a m o u n t s  o f  C I 2  i n  g . cm-2  for t h e  

a r e  /7 a n d  R2 - a t m o s p h e r e  a n d  h y d r o s p h e r e  , r e s p e c t i v e l y ;  R1 = - 
t h e  C 1 4  c o n c e n t r a t i o n s  r e l a t i v e  t o  C I 2  i n  t h e  a t m o s p h e r e  a n d  i n  
t h e  h y d r o s p h e r e ;  A’k X + A 1 + A 2 ,  Q o  i s  t h e  a v e r a g e  r a t e  o f  C I 4  f o r m a -  
t i o n  i n  g - c m - 2  y e a r s - l .  U s i n g  t h e s e  s y m b o l s ,  a s o l u t i o n  f o r  E q u a -  
t i o n  (11, Case ( a ) ,  c a n  t a k e  t h e  form [13,14l: 

x2 X I  
A2 A2 

N a t u r a l l y ,  f o r  a m o r e  a c c u r a t e  s o l u t i o n  for t h e  p r o b l e m ,  a l l  t h e  
r e s e r v o i r s  s h o u l d  b e  c o n s i d e r e d .  H o w e v e r ,  w e  w i l l  n o t  d o  t h i s  for 
t w o  r e a s o n s :  f i r s t ,  n o t  a l l  t h e  c h a r a c t e r i s t i c  t i m e s  f o r  d i s t r i -  
b u t i o n  among r e s e r v o i r s  a r e  known;  s e c o n d ,  c o n s i d e r a t i o n  o f  a l l  
t h e  r e s e r v o i r s  o n l y  b r i n g s  a b o u t  an i n s i g n i f i c a n t  c h a n g e  i n  t h e  
r e s u l t s  , w h i c h  i s  p r a c t i c a l l y  i n s i g n i f i c a n t  i n  t h e  b a s i c  c o n c l u -  
s i o n s .  
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w h e r e  v = h = h- = 2 , a n d  T2 i s  t h e  a v e r a g e  t r a n s f e r  t i m e  f o r  

C 1 4  f r o m  t h e  h y d r o s p h e r e  t o  t h e  a t m o s p h e r e .  
for t h e  r e v e r s e  p r o c e s s .  

A 1  A2 T 1  
T I  i s  t h e  same v a l u e  

The  p r e s e n c e  of m i x i n g  l a y e r s  i n  t h e  o c e a n s  ( i n t e n s i v e  m i x i n g  
e x t e n d s  t o  d e p t h s  o f  - 7 5  m ) ,  g e n e r a l l y  s p e a k i n g ,  m a k e s  i t  n e c e s s a r y  
t o  s t u d y  t h r e e  r e s e r v o i r s :  t h e  a t m o s p h e r e ,  t h e  s u r f a c e  l a y e r s  o f  
t h e  h y d r o s p h e r e ,  a n d  t h e  s u b s u r f a c e  l a y e r s  o f  t h e  l a t t e r .  H o w e v e r ,  
we c a n  u s e  ( 2 1 ,  c o n s i d e r i n g  t h e  s u r f a c e  l a y e r s  e i t h e r  as  a p a r t  o f  
t h e  a t m o s p h e r i c  r e s e r v o i r  or as a p a r t  o f  t h e  h y d r o s p h e r i c  r e s e r -  
v o i r .  I n  t h e  f i r s t  c a s e ,  v i s  e q u a l  t o  3 0 ,  a n d  i n  t h e  s e c o n d  c a s e ,  
i t  i s  e q u a l  t o  6 0  ( t h e  a m o u n t s  o f  C I 4  i n  t h e  a t m o s p h e r e  a n d  i n  t h e  
s u r f a c e  l a y e r s  a r e  a p p r o x i m a t e l y  e q u a l ) .  The  p r e c i s e  v a l u e  f o r  T I  
a t  t h e  p r e s e n t  t i m e  i s  unknown.  A c c o r d i n g  t o  t h e  d a t a  w e  h a v e ,  T 1  
i s  w i t h i n  t h e  i n t e r v a l  f r o m  6 t o  30 y e a r s  [ 1 2 , 1 3 1 .  

For case  "b" , s o l u t i o n  (1) t a k e s  t h e  f o r m  [13,14]: 

w h e r e  

. .  
, .  . . .  

. . .  
1 '  

We s h a l l  u s e  ( 2 )  a n d  ( 3 )  s u b s e q u e n t l y  i n  e x a m i n i n g  t h e  p r o b l e m  o f  - / 8  
t h e  c h a n g e  i n  r a d i o c a r b o n  c o n c e n t r a t i o n  i n  t h e  E a r t h ' s  a t m o s p h e r e  , 
c a u s e d  b y  t h e  f l a r e  o f  a s u p e r n o v a  a n d  b y  t h e  c y c l i c  a c t i v i t y  of  
t h e  S u n .  
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111. Supernovae and Radiocarbon 

At the present time, we know of 140 remnants of supernovae 
C15, 161. Among them, in our galaxy, we have the supernovae of 
Cassiopeia A (1700), Kepler (16041, Tycho Brahe (1572), and the 
supernova in the Crab Nebula (1054). The supernovae can be divided 
into two types, I and 11, by their proper tie^.^ The basic proper- 
ties of supernovae, according to the data of [15-201, are shown in 
Table 1. 

Supernovae of Type I flare with identical frequency in elliptic 
and spiral galaxies, concentrating in the domains of the galactic 
nuclei. Supernovae of Type I1 flare mainly in the arms of spiral 
galaxies. 

A characteristic peculiarity of Type I supernovae is the com- 
plete similarity of curves of luminosity versus time. After a 
quick rise in intensity, and a flat maximum, there is a decrease 
by 2-3 stellar magnitudes in 20-30 days (Fig. 1) C201. The luminos- 
ity then decreases exponentially with a half-life of 40-70 days. 
For Type I1 supernovae the shapes of the spectrum differ notice- 
ably. They do have in common a relatively slow (in comparison to 
Type I supernovae) initial decrease.5 

The existence of this exponential decrease was a basic hypo- 
thesis which indicated that release of energy from Type I super- 
novae is caused by spontaneous fission of such nuclei as Cf254 
(T1/2= 55 days) C211. In this case, we can assume that the Cf254 
nucleus is formed because of the Itch" process. In order to explain 
the observed luminosity of supernovae, we must have the formation 
of ,1030~ ~ $ 5 4 .  

Since the exponential decrease in luminosity for each supernova 
is characterized completely by the limited half-life, we should 
consider C21, 221 that each supernova owes its luminosity to the 
spontaneous fission of a given isotope. The latter assumption is 
definitely a weak link the rrCf254 hypothesis". 

Colgate C20, 23, 241 considers that, when a degenerated neu- /lo 
trino nucleus is formed in a star, there is an outward reflection 
of the material which is falling toward the center of the star, as 
a result of which there is a shock wave. The wave intensifies in 
proportion to its distance from the center, since the density of 
the material decreases. As a result the velocity at the surface 
of the star becomes parabolic, and a part of the material is re- 
jected into interstellar space. In this case, energy up t 0 - 1 0 ~ ~  

'The TsVIKKI lists five types of supernovae L 1 5 1 .  

51t is precisely because of this, regardless of any difference in 
luminosity, that the light energy emitted by supernovae of Types 
I and I1 is almost identical. 
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e r g  c a n  b e  l i b e r a t e d .  I n  C o l g a t e ' s  m o d e l ,  i n  t h e  o u t e r m o s t  l a y e r s  
o f  t h e  s t a r ,  r e l a t i v i s t i c  p a r t i c l e s  c a n  b e  p r o d u c e d .  

F i n z i  C251 r e c e n t l y  showed  t h e  p o s s i b i l i t y  o f  t h e  e n e r g y  r e -  
l e a s e  o f  a s u p e r n o v a  b e i n g  d u e  t o  v i b r a t i o n a l  o s c i l l a t i o n s .  T h u s  
t h e  v i b r a t i o n a l  e n e r g y  c a n  a c h i e v e  v a l u e s  o f - 1 0 5 2 e r g  C 2 6 1 .  

E v e n  a b r i e f  e x a m i n a t i o n 6  showed t h a t ,  a t  t h e  p r e s e n t  t i m e ,  
t h e r e  i s  n o  s i n g l e  p o i n t  o f  v i e w  on t h e  q u e s t i o n  o f  t h e  m e c h a n i s m  
o f  f l a r e s  f r o m  s u p e r n o v a e ;  t h i s  i s  b a s i c a l l y  d u e  t o  t h e  s m a l l  q u a n -  
t i t y  o f  e x p e r i m e n t a l  d a t a .  

I n  o r d e r  t o  u n d e r s t a n d  t h e  p h y s i c a l  n a t u r e  o f  t h e  p h e n o m e n a  
w h i c h  t a k e  p l a c e  a t  t h e  t i m e  o f  s u p e r n o v a  f l a r e s ,  i t  i s  e s s e n t i a l  
t o  know if y - q u a n t a  e m e r g e  f r o m  t h e  s u p e r n o v a e ,  a n d ,  i f  s o ,  w h a t  
t h e i r  i n t e n s i t y  a n d  e n e r g y  s p e c t r u m  a r e .  

I n  [ll, w e  showed  t h a t  a s u p e r n o v a  f l a r e  i n  o u r  g a l a x y  s h o u l d  
c o i n c i d e  w i t h  a s i g n i f i c a n t  c h a n g e  i n  r a d i o c a r b o n  c o n c e n t r a t i o n  i n  
t h e  E a r t h ' s  a t m o s p h e r e ,  i f  t h e  y - l u m i n o s i t y  o f  a s u p e r n o v a  i s  n o t  
much less t h a n  i t s  o p t i c a l  l u m i n o s i t y .  I n  r e c e n t  w o r k s  by C l a y t o n  
a n d  C r a d d o c k  C271,  a n d  i n  works by G o u l d  a n d  B u r b i d g e  C281 ,  w e  f i n d  
t h e o r i e s  b a s e d  o n  h i g h  y - l u m i n o s i t y  f r o m  s u p e r n o v a e .  

I f ,  d u r i n g  s u p e r n o v a  f l a r e s ,  a l a r g e  q u a n t i t y  o f  h e a v y  n u c l e i ,  
i n c l u d i n g  r a d i o a c t i v e  o n e s ,  i s  f o r m e d  b y  t h e  r r c h f '  p r o c e s s ,  t h e n  
y - q u a n t a  s h o u l d  b e  e m i t t e d .  The  s e n s i t i v i t y  o f  m o d e r n  y - d e t e c t o r s  
d o e s  n o t  p r e s e n t l y  a l l o w  r e c o r d i n g  y - q u a n t a  f r o m  s u p e r n o v a e  w h i c h  
f l a r e  i n  o t h e r  g a l a x i e s .  T h e r e f o r e ,  t h e  q u e s t i o n  n a t u r a l l y  a r i s e s :  

g a l a x y ,  d u e  t o  n u c l e i  w h i c h  s t i l l  h a v e  n o t  c o m p l e t e l y  d i s i n t e g r a t e d ?  
C l a y t o n  a n d  C r a d d o c k  C271 e x a m i n e d  t h e  q u e s t i o n  o f  t h e  y - r a d i o a c -  

o f  t h e  C r a b  N e b u l a ,  p r o c e e d i n g  f r o m  t h e  c o r r e c t n e s s  o f  t h e  
h y p o t h e s i s " .  They  s h o w e d  t h a t ,  o f  a f u l l  p o w e r  o f  r a d i o a c -  

t i v e  n u c l e i  i n  t h e  C r a b  N e b u l a  e q u a l  t o d . 2 - 1 0 3 6 e r g / s e c . ,  o n l y  1% 
i s  i n  t h e  f o r m  o f  y - q u a n t a .  The  m a i n  p a r t  o f  t h e  e n e r g y  i s  g i v e n  
o f f  a s  k i n e t i c  e n e r g y  o f  a - p a r t i c l e s  a n d  f i s s i o n  f r a g m e n t s .  The  
s t r o n g e s t  Y - l i n e ,  b e l o n g i n g  t o  C f 2 4 9 ,  h a s  a n  e n e r  y o f  3 9 0  keV.  
The  f l u x  o f  s u c h  Y - q u a n t a  o n  t h e  E a r t h  i s  - 5 - 1 0 - '  c m - 2 s e c - 1  C271.  
A r e c o r d i n g  o f  t h i s  r a d i a t i o n  i s  made d i f f i c u l t  b y  t h e  p r e s e n c e  o f  
t h e  X - r a y  b a c k g r o u n d  o f  t h e  C r a b  N e b u l a ,  w h i c h  i s  a s y n c h r o t r o n  
a n d  h a s  a c o n t i n u o u s  s p e c t r u m .  Use o f  a p p a r a t u s  w i t h  g o o d  a n g u l a r  
a n d  e n e r g e t i c  c h a r a c t e r i s t i c s  w i l l  p o s s i b l y  a l l o w  f i n d i n g  a l i n e  
o f  3 9 0  k e V .  The  i m p o r t a n c e  o f  a r r a n g i n g  e x p e r i m e n t s  f o r  r e c o r d i n g  
Y - q u a n t a  w i t h  a n  e n e r g y  o f  3 9 0  keV i s  g r e a t ,  s i n c e  t h e  p o s i t i v e  
r e s u l t  w o u l d  b e  d i r e c t  p r o o f  o f  t h e  h y p o t h e s i s  of t h e  p r o d u c t i o n  
o f  h e a v y  n u c l e i  by t h e  I t c h f r  - p r o c e s s  a t  t h e  t i m e  o f  s u p e r n o v a  f l a r e s .  

w h a t  i s  t h e  y - r a d i o a c t i v i t y  o f  t h e  r e l i c s  o f  s u p e r n o v a e  i n  o u r  /11 

G o u l d  a n d  B u r b r i d g e  [ 2 8 ]  p r o p o s e  t h e  f o l l o w i n g  t w o  m e c h a n i s m s  

6 F o r  m o r e  d e t a i l ,  s e e  [15]. 
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f o r  p r o d u c i n g  y - q u a n t a  a t  t h e  t i m e  o f  f l a r e s  f r o m  s u p e r n o v a e .  

1. N u c l e a r  ' - r a y s ,  e m i t t e d  i n  t h e  p r o c e s s  o f  n u c l e o s y n t h e s i s .  

2 .  y - r a y s ,  e m i t t e d  b e c a u s e  o f  t h e  i n t e r a c t i o n  o f  r e l a t i v i s t i c  
p a r t i c l e s  w i t h  t h e  m a g n e t i c  f i e l d  a n d  w i t h  t h e  m a t e r i a l  i n  t h e  
e x p a n d i n g  s h e l l  o f  a s t a r .  

A c c o r d i n g  t o  G o u l d  a n d  B u r b r i d g e ,  t h e  f l u x  o f  n u c l e a r  y - r a y s  
(E  "1 MeV) a t  a d i s t a n c e  o f  1 k p s  f r o m  t h e  s u p e r n o v a  a t  t h e  t i m e  
o f  t h e  f l a r e  (1 k p s  i s  t h e  d i s t a n c e  f r o m  t h e  C r a b  N e b u l a  t o  t h e  
E a r t h )  i s  -lo4 y c m - 2 s e c - 1 ,  a n d  a t  a d i s t a n c e  o f  1 0  Mps ( t h e  d i s -  
t a n c e  f r o m  t h e  E a r t h  t o  e x t r a g a l a c t i c  s u p e r n o v a e )  i s  y c m - 2 s e c - 1 .  

A t  t h e  p r e s e n t  t i m e ,  t h e  p r e s e n c e  o f  a l a r g e  q u a n t i t y  o f  r e l a -  
t i v i s t i c  e l e c t r o n s  i n  r e l i c s  o f  s u p e r n o v a e  h a s  b e e n  e s t a b l i s h e d .  
T h u s  we c a n  s e e  t h a t  g e n e r a t i o n  of r e l a t i v i s t i c  e l e c t r o n s  i n  t h e  
C r a b  N e b u l a  m u s t  s t i l l  b e  g o i n g  o n  a t  t h e  p r e s e n t  t i m e ,  : . e .  9 0 0  
y e a r s  a f t e r  t h e  f l a r e  of t h e  s u p e r n o v a .  I t  h a s  a l s o  b e e n  e s t a b -  

n a t u r a l  t o  c o n s i d e r  t h a t  t h e  a c c e l e r a t o r  o f  t h e  e l e c t r o n s  i s  t h e  
f o r m e r  s u p e r n o v a  a n d  t h e  r e l a t i v e l y  s m a l l  d o m a i n  s u r r o u n d i n g  i t  
C 1 5 1 .  I t  i s  a l s o  n a t u r a l  t o  c o n s i d e r  t h a t  a s i m i l a r  a c c e l e r a t i n g  
m e c h a n i s m  e x i s t e d  i n  t h e  a c t i v e  s t a g e  o f  t h e  s u p e r n o v a  f l a r e .  The  
r e l a t i v i s t i c  p r o t o n s ,  a c c e l e r a t e d  a t  t h e  t i m e  o f  t h e  f l a r e  b y  i n t e r -  
a c t i o n  w i t h  t h e  m a t e r i a l  i n  t h e  s t a r ' s  s h e l l ,  s h o u l d  f o r m  p i - m e s o n s .  
D i s i n t e g r a t i o n  o f  c h a r g e d  p i - m e s o n s  p r o d u c e s  n e u t r i n o s ,  e l e c t r o n s  
a n d  p o s i t r o n s ,  a n d  t h a t  o f  mo-mesons p r o d u c e s  y - q u a n t a .  A s  a r e -  
s u l t ,  w e  c a n  e x p e c t  f o r m a t i o n  o f  a g r e a t  q u a n t i t y  o f  y - q u a n t a .  A s  
a r e s u l t ,  w e  c a n  e x p e c t  f o r m a t i o n  o f  a g r e a t  q u a n t i t y  o f  y - q u a n t a  
w i t h  a n  e n e r g y  o f  5 0 - 1 0 0  MeV. M o r e o v e r ,  t h e  i n t e r a c t i o n  o f  e l e c -  
t r o n s  a n d  p o s i t r o n s  w i t h  t h e r m a l  p h o t o n s  w i l l  a l s o  p r o d u c e  y - q u a n t a  
b e c a u s e  o f  t h e  r e v e r s e  Compton e f f e c t .  

l i s h e d  t h a t  t h e  e l e c t r o n s  a r e  p r i m a r y  a n d  n o t  ~ e c o n d a r y . ~  I t  i s  /12 

A s  G o u l d  a n d  B u r b r i d g e  C 2 8 1  j u s t i f i a b l y  m a i n t a i n ,  t h e i r  c o n -  
c e p t s  o f  t h e  m e c h a n i s m  o f  g e n e r a t i o n  o f  y - q u a n t a  a r e  t o  a g r e a t  d e -  
g r e e  s p e c u l a t i v e ,  w h i c h  e m p h a s i z e s  a g a i n  t h e  e x t r e m e l y  u n c l e a r  s i t -  
u a t i o n  r e g a r d i n g  t h e  m e c h a n i s m  o f  f l a r e s  f r o m  s u p e r n o v a e .  A t  t h e  
same t i m e ,  t h e y  i m p l y  t h e  e x c e p t i o n a l  i m p o r t a n c e  o f  t h e  q u e s t i o n  
o f  t h e  p o s s i b l e  g e n e r a t i o n  o f  y - q u a n t a  i n  t h e  a c t i v e  s t a g e  o f  s u p e r -  
n o v a  f l a r e s .  

A c t u a l l y ,  a l a c k  o f  y - q u a n t a  o f  h i g h  e n e r g y  w o u l d  c o n t r a d i c t  
t h e  i d e a  o f  g e n e r a t i o n  o f  a g r e a t  q u a n t i t y  o f  r e l a t i v i s t i c  p r o t o n s ,  

7 1 f  t h e  e l e c t r o n s  h a d  a s e c o n d a r y  n a t u r e ,  t h e n  t h e  p o s i t r o n s  a n d  
y - q u a n t a  s h o u l d  b e  p r o d u c e d  t o g e t h e r  w i t h  t h e m .  E x p e r i m e n t s  by 
C h u d a k o v  a n d  h i s  c o l l a b o r a t o r s  [ 2 9 ]  showed  t h a t  t h e  f l u x  o f  y - q u a n t a  
w i t h  E > 5*10l2 e V  f r o m  t h e  C r a b  N e b u l a  i s  l e s s  t h a n  5 * 1 0 - 1 1  p h o -  
t o n s  c m - 2 s e c - 1 ,  i . e .  m o r e  t h a n  1 0 0 0  t i m e s  l e s s  t h a n  t h e  s e c o n d a r y  
g e n e r a t i o n  o f  r e l a t i v i s t i c  e l e c t r o n s  i n  t h e  C r a b  N e b u l a  w h i c h  w o u l d  
b e  e x p e c t e d  f r o m  t h i s  a s s u m p t i o n .  
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a n d  v i c e  v e r s a .  

I n  [l] , w e  s u g g e s t e d  a mechan i sm f o r  p r o d u c i n g  r a d i o c a r b o n  i n  
t h e  E a r t h ' s  a t m o s p h e r e  by t h e  a c t i o n  o f  y - q u a n t a ,  p o s s i b l y  accom-  
p a n i e d  b y  f l a r e s  f r o m  s u p e r n o v a e .  D u r i n g  i n t e r a c t i o n  w i t h  n u c l e i  
o f  t h e  E a r t h ' s  a t m o s p h e r e ,  y - r a d i a t i o n  c a n  f o r m  n e u t r o n s  b y  t h e  
r e a c t i o n s :  (y, n ) ,  ( y ,  21-11, (y, p n ) ,  (y, a n ) ,  e t c .  M o r e o v e r ,  t h e  
s e c o n d a r y  p a r t i c l e s  ( p ,  a )  c a n  a l s o  f o r m  n e u t r o n s .  

U s i n g  t h e  v a l u e  f o r  c r o s s  s e c t i o n s  o f  c o r r e s p o n d i n g  p h o t o n u c l e a r  
r e a c t i o n s  C 3 0 - 3 3 1 ,  w e  o b t a i n  (for t h e  p r o b a b i l i t y  o f  f o r m a t i o n  o f  
n e u t r o n s  b y  y - q u a n t a  w i t h  a n  e n e r g y  of 2 5  M e V )  t h e  v a l u e  - 5 %  a n d  - 2 %  f o r  E 2 5 0  M e V .  Y 

E v e n  i n  1 9 4 6 ,  L i b b y  C341 was a b l e  t o  show t h a t  n e u t r o n s ,  f o r m e d  - / 1 3  
i n  t h e  a t m o s p h e r e ,  s h o u l d  b e  a b s o r b e d  b y  i n t e r a c t i o n  w i t h  n i t r o g e n ,  
f o r m i n g  r a d i o c a r b o n  b y  t h e  r e a c t i o n  ( n ,  p ) .  

I n  T a b l e  2 ,  t h e  m a g n i t u d e  o f  a c h a n g e  i n  r a d i o c a r b o n  c o n c e n -  
t r a t i o n  i n  t h e  E a r t h ' s  a t m o s p h e r e  a f t e r  e x p l o s i o n s  o f  s u p e r n o v a e  
i n  o u r  g a l a x y  a r e  shown  f o r  t h r e e  v a l u e s  o f  a b s o l u t e  e n e r g y  o f  y- 
r a d i a t i o n  - 1 0 4 8 e r g ,  1 O 5 ' e r g ,  a n d  e r g .  

1 0 5 4 ,  1 5 7 2 ,  1 6 0 4 ,  a n d  1 7 0 0  i n d i c a t e  t h a t  t h e  a b s o l u t e  e n e r g y  o f  
1 0 4 8 - 1 0 4 9 e r g / f l a r e  [ 3 5 , 3 6 1 .  I t  i s  c o n s i d e r e d  [ 3 6 3  t h a t  t h e  t o t a l  
e n e r g y  o f  a l l  c o s m i c  r a y s  i s  t w o  o r d e r s  g r e a t e r  t h a n  t h e  e n e r g y  o f  
t h e  r e l a t i v i s t i c  e l e c t r o n s ,  i . e . ,  1 0 5 0 - 1 0 5 1 e r g / f l a r e .  H o w e v e r ,  t h e  
u p p e r  l i m i t  o f  t h e  t o t a l  e n e r g y  o f  c o s m i c  r a y s  i s  on  t h e  o r d e r  o f  
t h e  t o t a l  e n e r g y  o f  t h e  e x p l o s i o n ,  r e a c h i n g  1 0 5 1 - 1 0 5 2 e r g s  a n d  e v e n  
1 0 5 3 - 1 0 5 4 e r g  [ l 5 ,  1 9 ,  3 7 ,  3 8 1 .  I f  t h e  y - q u a n t a  a r e  g e n e r a t e d  b e -  
c a u s e  o f  t h e  i n t e r a c t i o n  o f  r e l a t i v i s t i c  p r o t o n s  w i t h  m a t e r i a l  f r o m  
t h e  s h e l l  o f  a s u p e r n o v a ,  t h e n  t h e  a b s o l u t e  e n e r g y  of t h e  y - c o m p o n e n t  
s h o u l d  b e  o f  t h e  same o r d e r  a s  t h e  e n e r g y  o f  t h e  s p a c e  r a d i a t i o n  
( i n  a n y  c a s e ,  n o t  much l e s s ) .  

t h e  E a r t h ' s  a t m o s p h e r e ,  b e s i d e s  t h e  e n e r g y  o f  t h e  y - c o m p o n e n t  w e  
m u s t  know t h e  d i s t a n c e  f r o m  t h e  E a r t h  t o  t h e  s u p e r n o v a .  U n f o r t u -  
n a t e l y ,  t h e  d a t a  w e  h a v e  s o m e t i m e s  d i f f e r  b y  o r d e r s  o f  m a g n i t u d e .  
T h u s ,  f o r  e x a m p l e ,  a c c o r d i n g  t o  t h e  d a t a  o f  [ 1 5 ,  1 6 ,  3 6 ,  3 9 1 ,  t h e  
d i s t a n c e s  f r o m  t h e  E a r t h  t o  T y c h o  B r a h e ' s  s u p e r n o v a  a r e  360 p s ,  
( 1 5 0 0 - 1 7 0 0 )  p s ,  2400  p s ,  a n d  3300 p s ,  r e s p e c t i v e l y .  The  d i s t a n c e  
t o  K e p l e r ' s  s u p e r n o v a  v a r i e s  f r o m  1 0 0 0  p s  [ 3 6 ]  t o  9 9 0 0  p s  [ 3 9 1 .  
D e p e n d i n g  on  t h e  s h a p e  o f  t h e  C r a b  N e b u l a ,  t h e  d i s t a n c e  t o  i t  c a n  
b e  1 1 0 0  p s  ( c o m p r e s s e d  f o r m  = t w o  a x e s  e q u a l ,  a n d  t h e  t h i r d  l e s s )  
or 1 7 0 0  p s  ( e x t e n d e d  f o r m  = t w o  a x e s  e q u a l ,  a n d  t h e  t h i r d  g r e a t e r ) .  
A s  f o r  C a s s i o p e i a  A ,  a l l  t h e  a u t h o r s  t a k e  t h e  v a l u e  3400 p s  as  t h e  
d i s t a n c e  t o  i t .  

The d a t a  t h a t  w e  h a v e  a t  t h e  p r e s e n t  t i m e  o n  t h e  s u p e r n o v a e  i n  

I n  o r d e r  t o  e v a l u a t e  a c h a n g e  i n  r a d i o c a r b o n  c o n c e n t r a t i o n  i n  

T h e  v a l u e s  f o r  c h a n g e s  i n  r a d i o c a r b o n  c o n c e n t r a t i o n s  , shown  i n  
T a b l e  2 ,  r e f l e c t  t h e  i n a c c u r a c y  i n  d e t e r m i n i n g  d i s t a n c e .  

A t  t h e  p r e s e n t  t i m e ,  t h e  a c c u r a c y  f o r  r e c o r d i n g  r a d i o c a r b o n  
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c o n c e n t r a t i o n s  i n  t r e e  r i n g s  h a s  r e a c h e d  0 . 3 % ,  a n d  w e  may s u c c e e d  
i n  b r i n g i n g  i t  t o  (O.l-O.OS)%. 

/ 1 5  - An e x a m i n a t i o n  o f  t h e  d a t a  f r o m  T a b l e  2 s h o w s  t h a t ,  i f  t h e  
e n e r g y  o f  t h e  y - c o m p o n e n t  i s  n o t  l e s s  t h a n  1 0 4 ' e r g ,  i t  w o u l d  seem 
p o s s i b l e  t o  b e  a b l e  t o  f i n d  d u r i n g  a n  e x p e r i m e n t ,  a c h a n g e  i n  t h e  
C I 4  c o n c e n t r a t i o n  i n  t h e  E a r t h ' s  a t m o s p h e r e ,  c a u s e d  b y  a s u p e r n o v a  
f l a r e .  

A s  w e  h a v e  a l r e a d y  shown  e a r l i e r ,  t h e r e  a r e  n o  r e a l l y  r e l i a b l e  
e s t i m a t e s  o f  t h e  e n e r g y  o f  t h e  y - c o m p o n e n t .  O n l y  o n e  p o i n t  i s  
c l e a r :  e m i s s i o n  o f  y - q u a n t a  by s u p e r n o v a e  i n  a q u a n t i t y  s u f f i c i e n t  
f o r  f i n d i n g  r e f l e c t i o n s  o f  t h e  f l a r e s  i n  r a d i o c a r b o n  a m o u n t s  i s  
a c t u a l l y  n o t  e l i m i n a t e d  by t h e  p r e s e n t  h y p o t h e s i s .  I n  s u c h  a s i t u -  
a t i o n ,  i t  i s  n e c e s s a r y  i n  o u r  o p i n i o n  t o  d e t e r m i n e  t h e  C I 4  c o n t e n t  
i n  t h e  E a r t h ' s  a t m o s p h e r e ,  d u r i n g  a n  e x p e r i m e n t ,  w i t h  a n  a c c u r a c y .  
w h i c h  i s  n o t  w o r s e  t h a n  (0.3-0.11% for t h e  y e a r s  c o r r e s p o n d i n g  t o  
t h e  f l a r e s  o f  t h e  a l r e a d y  w e l l - k n o w n  s u p e r n o v a e .  If t h e  e f f e c t  
p r o v e s  t o  b e  p o s i t i v e ,  t h e n  we can e s t i m a t e  t h e  e n e r g y  o f  t h e  y -  
c o m p o n e n t  d u r i n g  a s u p e r n o v a  f l a r e ,  w h i c h  w o u l d  a l l o w  u s  t o  a c e r -  
t a i n  e x t e n t  t o  c h o o s e  f r o m  among t h e  e x i s t i n g  h y p o t h e s e s  o n  t h e  
m e c h a n i s m  o f  s u p e r n o v a  f l a r e s .  M o r e o v e r ,  we w o u l d  h a v e  t h e  e x p e r i -  
m e n t a l  p o s s i b i l i t y  o f  i n v e s t i g a t i n g  u n d i s c o v e r e d  f l a r e s .  

E s t a b l i s h m e n t  o f  a p r e c i s e  d a t e  f o r  t h e  f l a r e  o f  C a s s i o p e i a  A 
i s  a l s o  o f  s i g n i f i c a n t  i n t e r e s t .  A t  t h e  p r e s e n t  t i m e ,  i t  i s  c o n -  
s i d e r e d  t o  h a v e  o c c u r r e d  a r o u n d  1 7 0 0 .  

The  c h a n g e  i n  C l 4  p e r c e n t a g e  i n  t h e  E a r t h ' s  a t m o s p h e r e  w i t h  
t i m e s  c a l c u l a t e d  a c c o r d i n g  t o  ( 2 )  for t w o  v a l u e s ,  i s  shown i n  F i g -  
u r e  2 :  

N o t e  t h a t  t h e  f r o n t  o f  c o n c e n t r a t i o n  i n c r e a s e  w i l l  n o t  b e  a s  
a b r u p t .  T h i s  i s ,  b e c a u s e  (1) t h e  f l a r e  p r o c e s s  i n  s u p e r n o v a e  i s  
o f  f i n i t e  l e n g t h  ( F i g .  l), a n d ,  s e c o n d l y ,  b e c a u s e  t h e r e  a r e  l a g s  
i n  C l 4  d i s p e r s i o n  i n  t h e  E a r t h ' s  a t m o s p h e r e .  The f i r s t  r e a s o n  ob-  
v i o u s l y  c h a n g e s  t h e  f o r m  o f  t h e  cu rves  shown i n  F i g u r e  2 i n s i g n i f i -  
c a n t l y ,  s i n c e  t h e  p r i n c i p a l  mass o f  e n e r g y  o f  a s u p e r n o v a  i s  e m i t t e d  
i n  l e s s  t h a n  a y e a r .  A s  f o r  t h e  t i m e  for d i s p e r s i o n ,  t h e r e  i s  no  
p r e c i s e  d a t a  on  t h i s  a t  t h e  p r e s e n t  t i m e .  I n  C 4 0 1 ,  we s e e  t h a t  
t h e  t i m e  f o r  d i s p e r s i o n  i n  t h e  s t r a t o s p h e r e  i s  5 y e a r s ,  a n d  i n  t h e  
t r o p o s p h e r e ,  1 - 2  y e a r s .  

I f ,  d u r i n g  t h e  e x p e r i m e n t ,  we s u c c e e d  i n  f i n d i n g  f l a r e s  f r o m  
s u p e r n o v a e  a n d  i n  d e t e r m i n i n g  t h e  r a t e  of c h a n g e  i n  t h e  C l 4  c o n c e n -  /16 
t r a t i o n  i n  t h e  a t m o s p h e r e ,  i t  m i g h t  t h e n  b e  p o s s i b l e  t o  d e t e r m i n e  
t h e  c h a r a c t e r i s t i c  t i m e s  f o r  C 1 4  d i s p e r s i o n  i n  t h e  E a r t h ' s  a t m o s -  
p h e r e  a n d  i t s  t r a n s i t i o n  t o  o t h e r  r e s e r v o i r s .  

- 
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IV. S o l a r  A c t i v i t y  a n d  R a d i o c a r b o n  

I t  h a s  b e e n  r e l i a b l y  e s t a b l i s h e d  t h a t  t h e  i n t e n s i t y  o f  t h e  p r i -  
m a r y  c o s m i c  r a y s  w h i c h  r e a c h  t h e  E a r t h  d e p e n d s  on  t h e  c o n d i t i o n  o f  
t h e  S u n .  A b s o l u t e  i n t e n s i t y  o f  c o s m i c  r a y s  v a r i e s  g r e a t l y  d u r i n g  
a n  11 y e a r  c y c l e  o f  s o l a r  a c t i v i t y .  T h e s e  v a r i a t i o n s  a r e  c o n n e c t e d  
w i t h  t h e  c o n d i t i o n s  for movement  o f  c o s m i c  r a y s  i n  i n t e r p l a n e t a r y  
s p a c e ,  a n d  a r e  b a s i c a l l y  r e l a t e d  t o  l o w - e n e r g y  p a r t i c l e s .  T h u s ,  
f o r  e x a m p l e ,  t h e  i n t e n s i t y  o f  p r o t o n s  w i t h  a n  e n e r g y  o f  1 0 0  MeV 
v a r i e s  f r o m  t h e  minimum o f  s o l a r  a c t i v i t y  (1953-1954, a n d  1965) t o  
t h e  maximum (1958) b y  a f a c t o r  o f  4 ;  f o r  p r o t o n s  w i t h  E = 2.5 B e v ,  
i t  v a r i e s  by n o t  more  t h a n  4 0 % .  

The  r a t e  o f  f o r m a t i o n  o f  n e u t r o n s  ( a n d  h e n c e  t h e  r a t e  o f  f o r m a -  
t i o n  o f  C14 i n  t h e  E a r t h ’ s  a t m o s p h e r e )  v a r y  w i t h  a c h a n g e  i n  t h e  
f l u x  o f  p r i m a r y  c o s m i c  r a y s .  

I n  C411, t h e  q u e s t i o n  o f  t h e  c h a n g e  o f  t h e  r a t e  o f  r a d i o c a r b o n  
f o r m a t i o n  f r o m  t h e  minimum o f  s o l a r  a c t i v i t y  (1953-1954) t o  t h e  
maximum (1957-1958) i s  e x a m i n e d  i n  d e t a i l .  

The  p r i n c i p a l  r e s u l t s  o f  C411 a r e  shown i n  T a b l e  3. 

If w e  a s s u m e  a l i n e a r  r e l a t i o n s h i p  b e t w e e n  t h e  n u m b e r  o f  s u n -  
s p o t s  a n d  t h e  r a t e  o f  f o r m a t i o n  ( q )  o f  C14, w e  c a n  o b t a i n  t h e  f o l -  
l o w i n g  e q u a t i o n :  

w h e r e  S i s  t h e  a v e r a g e  a n n u a l  number  o f  s u n s p o t s  -(1953-1954, S = 
9.1; 1957-1958, S = 187.5). T h e n ,  f o r  t h e  a v e r a g e  r a t e  o f  C14 f o r -  
m a t i o n  i n  t h e  l a s t  111 y e a r s ,  w e  o b t a i n  t h e  v a l u e  2.50t0.50 a t o m s  
cm-2sec-1 C411. We a l s o  s h o u l d  n o t e  t h a t  t h e  f o r m a t i o n  o f  C 1 4  b y  
t h e  a c t i o n  o f  n e u t r o n s  w h i c h  a r e  p r o d u c e d  a s  a r e s u l t  o f  t h e  i n t e r -  
a c t i o n  o f  p r o t o n s  o f  a s o l a r  f l a r e  w i t h  n u c l e i  o f  t h e  a t m o s p h e r e ,  
w a s  n o t  i n c l u d e d  i n  t h e s e  e s t i m a t e s .  A c t u a l l y ,  t h e  a v e r a g e  r a t e  
o f  C14 f o r m a t i o n  i n  many p e r i o d s  o f  s o l a r  a c t i v i t y  w i l l  b e  g r e a t e r  
t h a n  2.5 cm-2sec-1 .  

On t h e  o t h e r  h a n d ,  t h e  r a t e  of d e c a y  o f  CI4 i s  1.8kO.2 C121 
a n d  1.920.2 C421 i n  t h e  same u n i t s .  

We h a v e  t h e  i m p r e s s i o n  t h a t ,  i n  t h e  l a s t  1 0 0  y e a r s ,  t h e  r a t e  

8 N o t e  t h a t  t h e  r a t e  o f  C14 f o r m a t i o n  a t  t h e  maximum o f  s o l a r  a c t i v -  
i t y  w i l l  d e c r e a s e  b e c a u s e  of  a d e c r e a s e  i n  t h e  i n t e n s i t y  o f  t h e  
p r i m a r y  c o s m i c  r a y s ,  a n d  w i l l  i n c r e a s e  b e c a u s e  o f  n u c l e a r  r e a c t i o n s  
u n d e r  t h e  i n f l u e n c e  o f  p r o t o n s  f r o m  a s o l a r  f l a r e .  A c c o r d i n g  t o  
S t u i v e r  C431, t h e  e f f e c t  o f  p r o t o n s  f r o m  a f l a r e  m u s t  b e  s m a l l .  

14 



o f  f o r m a t i o n  was g r e a t e r  t h a n  t h e  r a t e  o f  d e c a y ,  ? . e .  t h e r e  
m u s t  h a v e  b e e n  a n  i n c r e a s e  i n  t h e  r a d i o c a r b o n  c o n c e n t r a t i o n  i n  t h e  
E a r t h ' s  a t m o s p h e r e .  

' 
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We s h o u l d  a l s o  n o t e  t h a t  t h e  r e l i a b i l i t y  o f  t h e  c a l c u l a t e d  
v a l u e s  f o r  t h e  r a t e  o f  f o r m a t i o n  ( T a b l e  3 )  i s  l o w  ( e r r o r  -2O%), 
i . e .  t h e  e r r o r  s p a n s  t h e  d i f f e r e n c e  b e t w e e n  t h e  v a l u e s  2 . 6  a n d  2 . 0 8 .  
H o w e v e r ,  t h i s  c i r c u m s t a n c e  c a n n o t  o b s c u r e  t h e  e x p e r i m e n t a l  f a c t  of 

f o r m a t i o n  f r o m  t h e  minimum t o  t h e  maximum a c t i v i t y .  We s h o u l d  
c o n s i d e r  t h e  v a l u e s  w r i t t e n  a b o v e  a s  t e n t a t i v e  o n e s  w h i c h  r e q u i r e  
p r e c i s e  e x p e r i m e n t a l  v e r i f i c a t i o n .  

a c h a n g e  i n  t h e  f l u x  o f  n e u t r o n s  a n d ,  t h u s ,  o f  t h e  r a t e  o f  /18 

T h u s  w e  c a n  c o n c l u d e  t h a t  t h e r e  a r e  i n d i c a t i o n s  o f  a c h a n g e  
i n  t h e  r a t e  o f  C 1 4  f o r m a t i o n  by  2 0 %  f r o m  t h e  maximum t o  t h e  m i n i -  
mum o f  s o l a r  a c t i v i t y ,  a n d  a l s o  a m o n o t o n i c  i n c r e a s e  o f  t h e  same 
m a g n i t u d e  i n  a p e r i o d  o f  a b o u t  1 0 0  y e a r s .  

F o r m u l a  ( 3 )  i n d i c a t e s  a p o s s i b i l i t y  o f  e s t i m a t i n g  t h e  a m p l i t u d e  
o f  t h e  c h a n g e  i n  t h e  p e r c e n t a g e  o f  r a d i o c a r b o n  i n  t h e  E a r t h ' s  a t -  
m o s p h e r e .  The  d e  e n d e n c e  o f  t h e  f u n c t i o n  F 1  o n  t h e  p e r i o d  o f  c h a n g e  
i n  t h e  r a t e  o f  C1' f o r m a t i o n  i s  shown i n  F i g u r e  3 .  A s  w e  c a n  s e e  
f r o m  t h e  f i g u r e ,  t h e  a t t e n u a t i o n  f a c t o r  f o r  a p e r i o d  o f  1 0  y e a r s  
i s  a n d  f o r  1 0 0  y e a r s ,  i t  i s  "10-l. I n  o t h e r  w o r d s ,  i f  
i n  a n  1 1 - y e a r  c y c l e  o f  s o l a r  a c t i v i t y ,  t h e  r a t e  o f  f o r m a t i o n  o f  
C 1 4  v a r i e s  b y  20%, t h e n  t h e  a m p l i t u d e  o f  t h e  c h a n g e  i n  c o n c e n t r a -  
t i o n  i s  0 . 2 % .  D u r i n g  a p e r i o d  o f  1 0 0  y e a r s ,  t h e  c h a n g e  i n  c o n c e n -  
t r a t i o n  i s  - 2 % .  

T h u s  w e  come t o  t h e  c o n c l u s i o n  t h a t ,  i n  o r d e r  t o  s t u d y  t h e  
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n a t u r e  o f  s o l a r  a c t i v i t y  i n  t h e  p a s t ,  w e  m u s t  m e a s u r e  t h e  c o n c e n -  
t r a t i o n  o f  r a d i o c a r b o n  i n  d e n d r o c h r o n o l o g i c a l l y  d a t e d  s a m p l e s  w i t h  
a h i g h  a c c u r a c y  ( n o t  w o r s e  t h a n  0 . 2 - 1 % ) .  

V .  E x p e r i m e n t a l  Possibilities 

A c o m p l e t e  c y c l e  o f  e x p e r i m e n t a l  r e s e a r c h  i n c l u d e s  t h e  f o l -  
l o w i n g  s t a g e s :  

(1).  O b t a i n i n g  d e n d r o c h r o n o l o g i c a l l y  d a t e d  s a m p l e s  i n  t h e  
n e c e s s a r y  q u a n t i t i e s .  

( 2 ) .  D e t e r m i n i n g  t h e  c o n c e n t r a t i o n s  o f  r a d i o c a r b o n  i n  t h e  
s a m p l e s .  

( 3 ) .  D e t e r m i n i n g  t h e  r a d i o c a r b o n  c o n t e n t  i n  t h e  E a r t h ' s  a t -  
m o s p h e r e  a c c o r d i n g  t o  t h e  e x p e r i m e n t a l  v a l u e  f o r  i t s  
c o n c e n t r a t i o n  i n  s a m p l e s  w i t h  known a g e .  

We w i l l  c o n s i d e r  a l l  t h e  s t a g e s  b r i e f l y  i n  t u r n .  

(1) D E N D R O C H R O N O L O G Y  

D e n d r o c h r o n o l o g y  i s  t h e  m e t h o d  o f  d a t i n g  woody p l a n t s  b y  t h e i r  
/19 5 a n n u a l  r i n g s .  U s u a l l y ,  o n l y  o n e  r i n g  i s  f o r m e d  i n  o n e  g r o w i n  

s e a s o n .  The  w i d t h  o f  t h e  a n n u a l  r i n g  d e p e n d s  on  many f a c t o r s  : 
t h e  l i f e  o f  t h e  p l a n t ,  t h e  p o s i t i o n  o f  t h e  l a y e r  i n  t h e  t r u n k ,  t h e  
r a t e  a n d  a m o u n t  o f  f r u i t  b e a r i n g ,  t h e  m e t e o r o l o g i c a l  c o n d i t i o n s ,  
t h e  s h a d e  o f  o t h e r  t r e e s ,  f o r e s t  f i r e s ,  e t c .  [ 4 4 ] .  The l a r g e  
q u a n t i t y  o f  v a r i a b l e  f a c t o r s ,  whose  c o n c r e t e  e f f e c t  on  t h e  r i n g ' s  
w i d t h  i s  u n k n o w n ,  l e a d s  u s  t o  t h e  c o n c l u s i o n  t h a t  t h e r e  i s  n o  
s e n s e  i n  m a k i n g  a c o m p a r i s o n  o f  t h e  w i d t h s  o f  t h e  r i n g s  i n  o n e  a n d  
t h e  same y e a r  f o r  t w o  d i f f e r e n t  t r e e s .  We c o u l d  o b t a i n  some s u b -  
s t a n t i a l  c o n c l u s i o n s  o n l y  b y  c o m p a r i n g  t h e  r i n g s  i n  d i f f e r e n t  y e a r s  
for o n e  a n d  t h e  same t r e e .  S i n c e  t h e  a c t i o n  o f  a s e r i e s  o f  f a c -  
t o r s  i s  i d e n t i c a l  i n  s i g n i f i c a n t  a r e a s ,  t h e  d y n a m i c s  o f  t h e  g r o w t h  
o f  r i n g s  w i l l  b e  i d e n t i c a l  for v a r i o u s  t r e e s  w h i c h  a r e  g r o w i n g  a t  
t h e  same t i m e ,  n o t  f a r  f r o m  e a c h  o t h e r .  T h i s  c o n d i t i o n  i s  e s s e n -  
t i a l  f o r  r e l a t i v e  d a t i n g  o f  v a r i o u s  t r e e s .  I f  w e  s u c c e e d  i n  f i n d i n g  
o u t  t h e  a b s o l u t e  a g e  o f  a n y  t r e e ,  t h e n  i t  seems p o s s i b l e  t h a t  w e  
c o u l d  e s t a b l i s h  a n  a b s o l u t e  d e n d r o c h r o n o l o g i c a l  s c a l e .  S u c h  a 
s c a l e  w o u l d  p r o v i d e  for d e t e r m i n i n g  t h e  a g e  o f  wood w i t h  a n  a c -  
c u r a c y  u p  t o  1 y e a r .  A .  D o u g l a s s  ( 1 9 3 5 )  f i r s t  s u c c e e d e d  i n  e s t a b -  
l i s h i n g  a n  a b s o l u t e  s c a l e  from t h e  y e a r  6 9 8  t o  1 9 2 9  f o r  t h e  s o u t h -  
w e s t e r n  r e g i o n s  o f  t h e  USA C451.  

I n  t h e  USSR, a n  a b s o l u t e  s c a l e  w a s  f i r s t  e s t a b l i s h e d  by B . A .  

'Even  i n  t h e  1 5 t h  c e n t u r y ,  L e o n a r d 0  d a  V i n c i  n o t i c e d  t h a t  a s e r i e s  
o f  n a r r o w  a n d  w i d e  a n n u a l  r i n g s  i n  t r e e s  c o r r e s p o n d e d  t o  a n  a l t e r -  
n a t i o n  o f  w e t  a n d  d r y  y e a r s .  
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K o l c h i n ,  f o r  m a t e r i a l  i n  Novgorod  ( w o o d e n  b r i d g e s ,  d r a i n a g e  s y s t e m s ,  
l o w e r  l o g s  o f  b u i l d i n g s ) .  The  l e n g t h  o f  t h e  e n t i r e  s c a l e  i n c l u d e s  
5 7 8  y e a r s  - f r o m  8 8 4  t o  1 4 6 2  C441. K o l c h i n ' s  a b s o l u t e  s c a l e  w a s  
made u p  f o r  p i n e s  g r o w i n g  i n  p r o d u c t i v e  t y p e s  o f  f o r e s t ,  a n d  n a t u -  
r a l l y  w e  c o u l d  n e v e r  d e t e r m i n e  t h e  a g e  o f  j u s t  a n y  t y p e  o f  wood 
o n  t h i s  s c a l e  C451. 

T h u s ,  i n  o r d e r  t o  d e t e r m i n e  t h e  p r e c i s e  d a t e  o f  g r o w t h  o f  a n y  
r i n g ,  w e  m u s t  h a v e  t h e  a b s o l u t e  d e n d r o s c a l e  f o r  a g i v e n  t y p e  o f  
t r e e  a n d  t h e  p l a c e  w h e r e  i t  g r e w .  

The  t a s k  i s  r e l a t i v e l y  s i m p l e  f o r  t r e e s  g r o w i n g  a t  t h e  p r e s e n t  
t i m e .  B u t  e v e n  h e r e  t h e r e  a r e  some d i f f i c u l t i e s :  we know t h a t  
t h e r e  a r e  y e a r s  when s e v e r a l  r i n g s  g r o w  a t  o n c e ,  or when t h e r e  a r e  
n o  r i n g s  a t  a l l .  U n d o u b t e d l y ,  i n  t h i s  c a s e ,  w e  m u s t  e s t a b l i s h  a 
d e n d r o s c a l e  on  t h e  b a s i s  o f  m e a s u r e m e n t s  o f  t h e  w i d t h  o f  t h e  r i n g s  
f o r  many t r e e s  o f  a g i v e n  t y p e  and i n  a g i v e n  r e g i o n .  

I n  r a d i o c a r b o n  m e a s u r e m e n t s ,  t h e r e  i s  a n  a d d e d  d i f f i c u l t y  /20 
c a u s e d  b y  t h e  n e c e s s i t y  o f  o b t a i n i n g  wood f r o m  o n e  a n n u a l  r i n g  i n  
l a r g e  q u a n t i t y .  T h u s ,  f o r  e x a m p l e ,  i n  o r d e r  t o  d e t e r m i n e  t h e  
r a d i o c a r b o n  c o n t e n t  w i t h  a n  a c c u r a c y  t o  ( 0 . 2 - 0 . 3 ) % ,  w e  m u s t  h a v e  
wood i n  a n  a m o u n t  o f  s e v e r a l  h u n d r e d  g r a m s  f o r  t h e  s c i n t j l l a t i o n  
m e t h o d  o f  m e a s u r i n g  C I 4 .  I f  w e  h a v e  a g o a l  o f  m e a s u r i n g  t h e  c o n -  
t e n t  w i t h  a n  a c c u r a c y  o f  ( 0 . 0 2 - 0 . 0 3 ) % ,  t h e n  w e  n e e d  1 0 0  t i m e s  m o r e  
wood ,  i . e .  , t e n s  o f  k g .  

T h u s  w e  s e e  t h a t ,  i n  t h e  c o u r s e  o f  r e a l i z i n g  o u r  i d e a s  on  t h e  
r o l e  o f  r a d i o c a r b o n  i n  a s t r o p h y s i c a l  r e s e a r c h ,  t h e r e  a r e  s e r i o u s  
d i f f i c u l t i e s  i n v o l v e d .  Our p o s i t i o n  i s  made w o r s e  by t h e  f a c t  
t h a t  t h e r e  i s  o n l y  o n e  l a b o r a t o r y  o f  d e n d r o c h r o n o l o g y  i n  t h e  USSR- 
i n  t h e  A r c h e o l o g y  I n s t i t u t e  o f  t h e  Academy o f  S c i e n c e s  o f  t h e  USSR. 
We f i n d  a r a p i d  i n c r e a s e  i n  r e s e a r c h  on  d e n d r o c h r o n o l o g y  n e c e s -  
s a r y ,  n o t  o n l y  b e c a u s e  i t  i s  n e c e s s a r y  t o  d a t e  t h e  r i n g s  p r e c i s e l y ,  
b u t  a l s o  b e c a u s e  t h i s  a r e a  o f  s c i e n c e  i s  o f  g r e a t  i n d e p e n d e n t  
s c i e n t i f i c  a n d  p r a c t i c a l  i n t e r e s t .  

2 .  D E T E R M I N I N G  T H E  C I 4  C O N C E N T R A T I O N  I N  T H E  SAMPLES 

I n  o r d e r  t o  d e t e r m i n e  t h e  r a d i o c a r b o n  c o n c e n t r a t i o n  i n  t h e  
s a m p l e s ,  p r o p o r t i o n a l  a n d  s c i n t i l l a t i o n  m e a s u r i n g  d e v i c e s  a r e  u s e d .  
A t  t h e  p r e s e n t  t i m e ,  e q u i p m e n t  i s  b e i n g  d e v e l o p e d  w h i c h  a l l o w s  for 
d e t e r m i n i n g  C 1 4  c o n c e n t r a t i o n  w i t h  a n  a c c u r a c y  up t o  0 . 3 % .  The  
a c c u r a c y  o f  t h i s  d e t e r m i n a t i o n  i s  l i m i t e d  b y  t h e  b a c k g r o u n d  a n d  
s t a b i l i t y  o f  t h e  e q u i p m e n t ,  a n d  by  t h e  q u a n t i t y  o f  r a d i o c a r b o n .  
The  l a t t e r  l i m i t a t i o n ,  i n  t u r n ,  d e p e n d s  on  t h e  a g e  o f  t h e  s a m p l e  
a n d  o n  t h e  q u a n t i t y  o f  wood. We c a n  s u c c e e d  i n  d e t e r m i n i n g  a g e s  
u p  t o  5 0 , 0 0 0  y e a r s .  A f u r t h e r  i n c r e a s e  i n  t h e  l i m i t  of a g e  d e t e r -  
m i n a t i o n  i s  made s u b s t a n t i a l l y  d i f f i c u l t  by t h e  n e c e s s i t y  f o r  a 
g r e a t e r  q u a n t i t y  o f  wood. A c t u a l l y ,  f o r  1 0 0 %  m e a s u r e m e n t  e f f i c i e n c y  
a n d  f o r  a m e a s u r i n g  t i m e  o f  1 0 6 s e c ,  a c h i e v e m e n t  o f  a c c u r a c y  t o  1% 
r e q u i r e s  1 g .  o f  p r e s e n t  d a y  wood. I n  o r d e r  t o  m e a s u r e  a n  a g e  o f  
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5 0 , 0 0 0  y e a r s ,  w e  n e e d  1 k g . ,  a n d  for 1 0 0 , 0 0 0  y e a r s ,  we n e e d  1 t o n .  
M o r e o v e r ,  t h e  l i m i t e d  s i z e  o f  t h e  d e t e c t o r  n e c e s s i t a t e s  a n  i s o t o p i c  
e n r i c h m e n t  o f  C l 4  r e l a t i v e  t o  C12 a n d  C 1 3 .  U n d e r  o t h e r  v a r i a b l e  
c o n d i t i o n s ,  a n d  w i t h  a s u f f i c i e n t  q u a n t i t y  o f  wood ,  a n  i n c r e a s e  i n  
t h e  a g e  l i m i t  c a l l s  f o r  a n  i n c r e a s e  i n  e n r i c h m e n t  b y  a f a c t o r  o f  a 
t h o u s a n d  e v e r y  5 0 , 0 0 0  y e a r s .  T h e r e f o r e ,  i f  we h a d  e v e n  a h u n d r e d  
t o n s  o f  o l d  wood ,  t h e r e  w o u l d  b e  a l i m i t  t o  m e a s u r i n g  t h e  a g e  b e -  
c a u s e  o f  t h e  d i f f i c u l t y  o f  i s o t o p i c  e n r i c h m e n t . 1 °  

We w o u l d  l i k e  t o  s a y  s o m e t h i n g  a b o u t  t h e  a c c u r a c y  o f  d a t i n g  
h a s  a n  a c c u r a c y  o f  -1%. I t  i s  n o t  d e t e r m i n e d  b y  s t a t i s t i c s  a l o n e .  
E v e n  i f  t h e  s t a t i s t i c a l  e r r o r  a n d  t h e  b a c k g r o u n d  o f  t h e  c a l c u l a t i n g  
a p p a r a t u s  a r e  z e r o ,  i t  i s  d o u b t f u l  t h a t  w e  w o u l d  s u c c e e d  i n  meas- 
u r i n g  w i t h  a g r e a t e r  a c c u r a c y  t h a n  1%. The  p o i n t  i s  t h a t  t h e  r a d i o -  
c a r b o n  c o n c e n t r a t i o n  i n  t h e  E a r t h ’ s  a t m o s p h e r e  v a r i e s  w i t h  t i m e ,  
w h i l e  t h e  a m p l i t u d e  o f  o s c i l l a t i o n s  i n  t h e  p a s t  a c h i e v e d  s e v e r a l  
p e r c e n t .  A t  t h e  same t i m e ,  i n  d e t e r m i n i n g  t h e  a g e ,  i t  i s  a s s u m e d  
t h a t  t h e  r a d i o c a r b o n  c o n t e n t  d u r i n g  t h e  t i m e  o f  t h e  t r e e ’ s  g r o w t h  
was t h e  same a s  now. 

A f t e r  t h e  r e l a t i o n  o f  C l 4  c o n c e n t r a t i o n  t o  t i m e  h a s  b e e n  meas- 
u r e d  w i t h  g r e a t  a c c u r a c y ,  w e  w i l l  b e  a b l e  t o  m e a s u r e  t h e  a g e  o f  
t h e  s a m p l e  ( i n  p r i n c i p l e )  w i t h  a n  a c c u r a c y  u p  t o  1 y e a r ,  n o t  b y  t h e  
a v e r a g e  a c t i v i t y  o f  t h e  s a m p l e ,  b u t  a c c o r d i n g  t o  a g r a p h  o f  t h e  
a n n u a l  v a r i a t i o n s .  A s  f o r  m e a s u r i n g  t h e  C I 4  c o n t e n t  i n  d e n d r o -  
c h r o n o l o g i c a l l y  d a t e d  s a m p l e s ,  b e s i d e s  t h e  d i f f i c u l t y  i n  o b t a i n i n g  
a l a r g e  q u a n t i t y  o f  wood ,  t h e r e  a r e  s u b s t a n t i a l  d i f f i c u l t i e s  w i t h  
t h e  s t a b i l i t y  o f  t h e  e x p e r i m e n t a l  a p p a r a t u s .  For a n  a c c u r a c y  o f  
O.Ol%, t h e  t o t a l  n u m b e r  o f  r e c o r d e d  6 - p a r t i c l e s  f r o m  C I 4  s h o u l d  b e  
l o 8 ,  w h i c h ,  a t  a r a t e  o f  1 O 2 / s e c - l ,  c a l l s  for m e a s u r i n g  t i m e s  o f  - 1 0  d a y s . ”  F o r  s u c h  a t i m e ,  we m u s t  g u a r a n t e e  s t a b i l i t y  i n  t h e  
e f f e c t i v e n e s s  o f  t h e  c a l c u l a t i o n s  w i t h  a n  a c c u r a c y  w h i c h  i s  n o t  
w o r s e  t h a n  0 . 0 1 % .  I n  e x i s t i n g  i n s t r u m e n t s ,  t h e  6 - p a r t i c l e s  a r e  
m e a s u r e d  i n  a n  e n e r g y  window s e t  by t w o  t h r e s h o l d  p o t e n t i a l s .  A t  
a h i g h  r a t e  o f  c a l c u l a t i o n ,  t h e  b a c k g r o u n d  o f  t h e  i n s t r u m e n t  i n  
t h e  h i g h - e n e r g y  r a n g e  i s  n o t  e x t r e m e ,  a n d  t h e r e f o r e  t h e  u p p e r  
t h r e s h o l d  c a n  b e  s e t  a t  a p o i n t  h i g h e r  t h a n  t h e  l i m i t  o f  t h e  6- 
s p e c t r u m ,  t h u s  r e d u c i n g  t h e  n e c e s s i t y  f o r  i t s  s t a b i l i t y .  The  p r o b -  
l e m  i s  w o r s e  f o r  t h e  l o w e r  t h r e s h o l d ,  w h i c h  d e p e n d s  on  n o i s e  
p u l s e s .  I n  t h i s  c a s e ,  w e  m u s t  u s e  a s p e c i a l  s y s t e m  o f  f o r c e d  s t a -  
b i l i z a t i o n .  

’ ‘ In  w o r k i n g  w i t h  o l d  s a m p l e s ,  t h e r e  a r e  o b v i o u s l y  o t h e r  d i f f i -  
c u l t i e s  also, s u c h  a s  t h e  d a n g e r  o f  c o n t a m i n a t i o n  b y  p r e s e n t  d a y  
c a r b o n .  

” I t  i s  n o t  e a s y  t o  a c h i e v e  s u c h  a r a t e .  
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3. DETERMINATION OF THE RADIOCARBON CONTENT IN THE /22 
EARTH'S ATMOSPHERE 

We will briefly examine those difficulties which crop up in 
determining the radiocarbon content in the Earth's atmosphere ac- 
cording to the experimental values for C 1 4  Concentration in the 
rings of trees. 

First of all, we must clarify the problem: are there not mi- 
grations of radiocarbon from ring to ring? In a number of labo- 
ratories, special ex eriments were conducted which were dedicated 
to a study of the (2'' content in rings of living trees before and 
after a period of experimentation with nuclear bombs. It is well 
known that the C14 content in the atmosphere increased by a factor 
of more than 2 because of nuclear bombs. The measurements showed 
that there is no migration from the outer to the inner layers, 
with an accuracy up to fractions of a percent. 

It was established that plants assimilate C 1 2  more readily 
than the heavier C13 and the even heavier C 1 4 .  On the other hand, 
the exchange mechanism between the carbon dioxide of the atmosphere 
and the carbonate of the hydrosphere causes a great concentration 
of C14 in carbonates. The qualitative results were obtained from 
measurements of ~ 1 3  concentrations on a mass spectrometer, con- 
sidering the coefficient of the enrichment factor of C 1 4  twice 
that for C13. As a result, it was seen that the C I 4  concentration 
in carbonates was 1.2% greater than in the atmosphere, and 3.7% 
less in plants. The principal consideration here, however, lies 
in the fact that these values are a function of the local condi- 
tions for the tree's growth, which implies the necessity of meas- 
uring the C12/C13 ratio for each sample, especially if we a r e  con- 
cerned with accuracies which are better than 1%. 

As for the relationship of the radiocarbon concentration to the 
latitude of the locale, recent research C46l has shown (with an 
accuracy to several tenths of a percent) that the radiocarbon con- 
centration in the ring is not a function of the latitude. 

V I .  E x a m i n a t i o n  o f  A v a i l a b l e  E x p e r i m e n t a l  D a t a  /23 
2 

In the last two years, studies C8-11, 47, 481 have appeared 
in which experimental values for radiocarbon concentration in sam- 
ples with a known age have been presented for a long range of time, 
from the present to 1000 B.C. (Figures 4-8). The data shown in the 
figures indicate that the radiocarbon concentration in the Earth's 
atmosphere did not remain constant in the last 3000 years. We 
obviously have pronounced minima and maxima. Pronounced maxima 
are clearly evident around the years 1500 and 1700, and a minimum 
around 1600. These peaks were also observed earlier in other 
studies C6, 7 1 .  There is a faint possibility that there were max- 
ima around the year 700, and around 380 (Figures 4, 6). 
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As we go further back in time, the radiocarbon concentration 
decreases monotonically, reaching a minimum around the year 1, 
then increases up to the year 1000. 

Thus, with a variation of the C 1 4  concentration in the atmos- 
phere, we can obviously select variations with characteristic times 
of 2000 years and 200 years. 

In C491 tables of the dependence of the Wolf numbers on time 
are shown for the period from 649 B.C. to the present. These curves 
were constructed on the basis of an analysis of the available data 
according to the variations of the Wolf numbers with time and of 
information on earthquakes, aurorae, and other natural phenomena. 
In this paper, we cannot discuss the question of the reliability 
of the values for the Wolf numbers which are presented in that pa- 
per. We will only note that systematic studies of the spots on 
the Sun have been made since the middle of the 18th century and 
therefore the values for the Wolf numbers for earlier periods are 
calculated from limited assumptions which require experimental 
verification. The relation of the Wolf numbers to time for the 
last 1000 years according to the data of C491 are shown in Figure 9. 

A comparison of Figure 9 with Figures 7 and 8 shows that the 
maxima of radiocarbon content in the Earth's atmosphere around the 
years 1500 and 1700 coincide with the minima of the curves showing 
the Wolf numbers as a function of time. Such a coincidence implies 
the possibility of assuming that the 200-year variations in radio- - /24 
carbon concentration in the Earth's atmosphere are caused by the 
activity of the Sun. Then, on the basis of the data in Figure 3, 
a change in C 1 4  content by 2% may have been caused by a variation 
in the rate of radiocarbon production if it is -40%. We can ob- 
tain such a change in the rate of C 1 4  production if we consider 
the relationship between the Wolf number and the rate of radiocar- 
bon production as linear. 

Thus we come to the conclusion that the experimental data on 
the C 1 4  variation in the Earth's atmosphere for the last 400-500 
years do not contradict the assumption of the presence of a cor- 
relation between the Wolf numbers and radiocarbon concentrations. 
Naturally, there are some unclear points. In particular, why is 
the 200-year cycle clearly pronounced only for the last 400-500 
years? One thing is clear: if there is a 200-year cycle in earli- 
er periods, its amplitude does not exceed 1% (Figures 4-8). This 
means that, if there is a 200-year cycle in solar activity, then 
its characteristics do not vary with time. More detailed and ac- 
curate measurements of the radiocarbon content in the Earth's 
atmosphere perhaps will reliably show the existence of a 200-year 
cycle, and (very important) will allow a determination of its 
characteristics in the past. 

The experimental data which we have, do not allow us to draw 
any basic conclusions regarding the 78-year cycle of solar activity 
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p r o p o s e d  i n  C491. 

What c o n c l u s i o n s  c a n  we d r a w  r e g a r d i n g  t h e  e f f e c t  o f  s u p e r n o v a  
f l a r e s ?  We w i l l  i m m e d i a t e l y  n o t e  t h a t  t h e r e  a r e  n o t  now a n y  d e -  
t a i l e d  s t u d i e s  for t h e  y e a r s  a r o u n d  t h e  t i m e  o f  s u p e r n o v a  f l a r e s .  
H o w e v e r ,  w e  c a n  s t i l l  r e a c h  some c o n c l u s i o n s  f r o m  t h e  d a t a  w e  h a v e .  
We w i l l  e x a m i n e  a l l  t h e  f l a r e s  i n  s e q u e n c e .  

The Supernova i n  t h e  Crab NebuZa ( 1 0 5 4 )  

The  C 1 4  c o n t e n t  w a s  e x p e r i m e n t a l l y  d e t e r m i n e d  i n  s a m p l e s  f r o m  
t h e  f o l l o w i n g  y e a r s :  1023t3, 1067t7, 109624, C81; 1003211, 10522 
10, 110028 C9l; 956210, 1056210, 1136210 [lo]; 1009t25, 1109225 C71. 
The  l e n g t h  o f  t h e  i n t e r v a l  o f  t i m e  f r o m  w h i c h  t h e  r i n g s  w e r e  t a k e n  
i s  i n d i c a t e d ,  a n d  n o t  t h e  e r r o r  i n  d e t e r m i n i n g  t h e  a g e  o f  t h e  sam- 
p l e .  

The  o n l y  c o n c l u s i o n  w h i c h  c a n  b e  r e a c h e d  i n  c o m p a r i n g  t h e  d a t a  
o f  F i g u r e s  4-8 w i t h  T a b l e  2 i s  t h a t ,  o b v i o u s l y ,  t h e  t o t a l  e n e r g y  
o f  t h e  y - r a d i a t i o n  o f  t h e  s u p e r n o v a  i n  t h e  Crab N e b u l a  was l e s s  
t h a n  e r g .  

T y c h o  B r a h e ' s  Supernova ( 1  5 7 2 )  /25 

The C l 4  c o n c e n t r a t i o n  was d e t e r m i n e d  i n  s a m p l e s  f o r  t h e  f o l -  
l o w i n g  y e a r s :  153722, 156321, 158222, [81; 1450t10, 1505213, 1597 
25 C9l; 1516210, 1596210, 1656210 [lo]; 1509t25, 1579225, 1609225 
C71. I n  t h i s  c a s e ,  w i t h  t h e  same c a u t i o n  a s  f o r  t h e  C r a b  N e b u l a ,  
w e  c a n  o n l y  c o n c l u d e  t h a t  t h e  t o t a l  e n e r g y  o f  t h e  y - c o m p o n e n t  i s  
h a r d l y  g r e a t e r  t h a n  1 0 5 1  e r g .  

KepZer ' s  Supernova (1604) 

The C 1 4  c o n t e n t  i n  t h e  s a m p l e s  w a s  d e t e r m i n e d  f o r  t h e  f o l l o w i n g  
y e a r s :  158222, 159722, 1605t5, 162222 181; 159725, 164624, [91; 
1596210, 1657210 [lo]; 1559225, 1609225, 1659t25 C71. A c o m p a r i s o n  
of t h e  d a t a  f r o m  T a b l e  2 w i t h  F i g u r e s  4-8 p r o v i d e s  a p o s s i b i l i t y  
o f  e s t i m a t i n g  t h e  u p p e r  l i m i t  f o r  t h e  t o t a l  e n e r g y  o f  t h e  y-com- 
p o n e n t .  I t  i s  e q u a l  t o  1052 e r g .  

The Supernova o f  C a s s i o p e i a  A ( -  1 7 0 0 )  

The C 1 4  c o n t e n t  w a s  d e t e r m i n e d  e x p e r i m e n t a l l y  f o r  s a m p l e s  f r o m  
t h e  f o l l o w i n g  y e a r s :  1695+5, 1710210, 1712k2 [8]; 164624, 169725, 
1829+13 [9]; 1676210, 1696+10, 1650+10 - [lo]: 1659+25, - 1709t25, - 
~ 7 5 9 t 2 5  - r71. 

A s  w e  a l r e a d y  n o t e d ,  a r o u n d  1 7 0 0  t h e r e  i s  a p e a k  i n  t h e  r a d i o -  
c a r b o n  c o n t e n t  i n  t h e  E a r t h ' s  a t m o s p h e r e  i n  a l l  t h e  s t u d i e s .  T h i s  
p e a k  c o u l d  b e  c a u s e d  by t h e  c y c l i c  s o l a r  a c t i v i t y .  D e t a i l e d  y e a r -  
l y  s t u d i e s  a r o u n d  1700 a r e  a l s o  l a c k i n g .  T h e r e f o r e ,  we c a n  o n l y  
n o t e  t h a t  t h e  t o t a l  e n e r g y  o f  t h e  y - c o m p o n e n t  a t  t h e  t i m e  o f  t h e  
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s u p e r n o v a  f l a r e  f r o m  C a s s i o p e i a  A w a s  h a r d l y  g r e a t e r  t h a n  l o s 2  e r g .  

T h u s  w e  come t o  t h e  c o n c l u s i o n  t h a t ,  a t  t h e  p r e s e n t  t i m e ,  t h e r e  
a r e  n o  d e t a i l e d  s t u d i e s  f o r  t h e  y e a r s  w h i c h  c o r r e s p o n d  t o  s u p e r -  
n o v a  f l a r e s .  T h e r e f o r e ,  we a r e  n o t  i n  a n y  p o s i t i o n  t o  make s t a t e -  
m e n t s  r e g a r d i n g  t h e  p r e s e n c e  or a b s e n c e  o f  c o r r e l a t i o n s  b e t w e e n  
s u p e r n o v a  f l a r e s  a n d  t h e  C l 4  c o n c e n t r a t i o n  i n  t h e  E a r t h ' s  a t m o s p h e r e .  
We c a n  o n l y  m a i n t a i n  t h a t  n e i t h e r  e x p e r i m e n t a l  d a t a  n o r  t h e o r e t i c a l  
n o t i o n s  c a n  d e n y  t h e  p r e s e n c e  o f  s u c h  a c o r r e l a t i o n .  

A s  w e  h a v e  a l r e a d y  n o t e d ,  t h e  C 1 4  c o n c e n t r a t i o n  i n  t h e  E a r t h ' s  
a t m o s p h e r e  d e c r e a s e s  m o n o t o n i c a l l y  as w e  g o  f u r t h e r  b a c k  i n  t i m e ,  
a n d  r e a c h e s  a minimum a r o u n d  t h e  y e a r  1; i t  t h e n  i n c r e a s e s  u p  t o  
1 0 0 0  B.C. The c a u s e  f o r  s u c h  a c h a n g e  i s  n o t  c l e a r  a t  t h e  p r e s e n t  
t i m e .  S u c h  a v a r i a t i o n  i n  t h e  p a s t  c o u l d  b e  c a u s e d  b y  a c h a n g e  i n  
t h e  m a g n e t i c  f i e l d  o f  t h e  E a r t h  w i t h  t i m e .  I t  i s  w e l l  known t h a t  
t h e  i n t e n s i t y  o f  c o s m i c  r a y s  s t r i k i n g  t h e  E a r t h ' s  a t m o s p h e r e  d e -  
c r e a s e s  w i t h  a n  i n c r e a s e  i n  t h e  m a g n e t i c  f i e l d  o f  t h e  E a r t h .  From / 2 6  
t h e  e x p e r i m e n t a l  d a t a  w h i c h  we h a v e  o n  t h e  t h e r m o r e m a n e n t  m a g n e t i -  
z a t i o n  o f  b u r n t  c l a y  C501 ,  i t  f o l l o w s  t h a t  t h e  i n t e n s i t y  o f  t h e  
E a r t h ' s  m a g n e t i c  f i e l d  i n c r e a s e d  f r o m  t h e  y e a r  1, a t t a i n e d  v a l u e s  
o f  1 . 4  Ho (Ho i s  t h e  i n t e n s i t y  o f  t h e  f i e l d  a t  t h e  p r e s e n t  t i m e ) ,  
a n d  t h e n  b e g a n  t o  d e c r e a s e ,  i . e .  t h e  maximum o f  t h e  E a r t h ' s  mag- 
n e t i c  f i e l d  c o i n c i d e s  w i t h  t h e  minimum o f  C 1 4  c o n t e n t  i n  t h e  E a r t h ' s  
a t m o s p h e r e .  T h i s  f a c t  a l l o w e d  t h e  a u t h o r s  o f  [lo] t o  c o n c l u d e  t h a t  
t h e  2 0 0 0 - y e a r  c y c l e  i n  t h e  r e l a t i o n s h i p  o f  t h e  C I 4  c o n c e n t r a t i o n  
t o  t i m e  i s  c a u s e d  b y  a c h a n g e  i n  t h e  E a r t h ' s  m a g n e t i c  f i e l d .  

- 

I n  a d d i t i o n  t o  t h e  c a u s e s  m e n t i o n e d  e a r l i e r ,  t h e  v a r i a t i o n s  i n  
r a d i o c a r b o n  c o n t e n t  i n  t h e  E a r t h ' s  a t m o s p h e r e  may a l s o  b e  c a u s e d  
b y  a c h a n g e  i n  t h e  r a t e s  o f  d i s p e r s i o n  among v a r i o u s  r e s e r v o i r s ,  
c a u s e d  b y  c l i m a t i c  c h a n g e s  i n  t h e  p a s t ,  b y  v o l c a n i c  a c t i v i t y ,  e t c .  

A h y p o t h e s i s  h a s  b e e n  p r o p o s e d  a c c o r d i n g  t o  w h i c h  a c h a n g e  i n  
c o n c e n t r a t i o n  c a n  t a k e  p l a c e  d u r i n g  a n  e n t r y  o f  a n t i b o d i e s  

i n t o  t h e  E a r t h ' s  a t m o s p h e r e .  A s  an  e x a m p l e ,  t h e  a n t i m a t e r i a l  n a -  
t u r e  o f  t h e  T u n g u s  m e t e o r i t e  w a s  shown i n  C471. I n  c o n n e c t i o n  
w i t h  t h e  g r e a t  i n t e r e s t  i n  t h e  p r o b l e m  o f  a n t i m a t t e r ,  i t  i s  c o n -  
s i d e r e d  e x p e d i e n t  t o  e x a m i n e  i n  r e l a t i v e l y  g r e a t e r  d e t a i l ,  t h e  r e -  
s u l t s  o f  w o r k s  s t u d y i n g  t h e  C 1 4  c o n t e n t  a r o u n d  t h e  y e a r  1 9 0 8  - t h e  
y e a r  o f  t h e  f a l l  o f  t h e  T u n g u s  m e t e o r i t e .  

The  T u n g u s  m e t e o r i t e  b u r s t  i n t o  t h e  a t m o s p h e r e  a t  a h e i g h t  o f  
5 - 1 0  km, on  J u n e  3 0 ,  1 9 0 8 ,  a t  12:17 a . m .  u n i v e r s a l  t i m e  ( a r o u n d  
7 : O O  a . m .  l o c a l  t i m e )  i n  S i b e r i a  i n  t h e  r e g i o n  o f  t h e  P o d k a m e n n a y a  
T u n g u s k a  R i v e r .  A c c o r d i n  t o  v a r i o u s  e s t i m a t e s ,  t h e  e n e r g y  o f  
t h e  e x p l o s i o n  r e a c h e d  1 0 2 5 - 1 0 2 4 e r g .  
a n  e x a m i n a t i o n  o f  v a r i o u s  h y p o t h e s e s  o n  t h e  n a t u r e  o f  t h e  T u n g u s  
m e t e o r i t e .  We w o u l d  l i k e  o n l y  t o  e x a m i n e  t h e  h y p o t h e s i s  on t h e  
a n t i m a t e r i a l  n a t u r e  o f  t h e  T u n g u s  m e t e o r i t e .  We w i l l  a s s u m e  t h a t  
t h e  T u n g u s  c a t a s t r o p h e  was d u e  t o  t h e  e n t r y  o f  a n  a n t i m e t e o r  i n t o  
t h e  E a r t h ' s  a t m o s p h e r e .  T h e n ,  b e c a u s e  o f  a n n i h i l a t i o n ,  n e u t r o n s  

Our p r o b l e m  d o e s  n o t  c o n c e r n  
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m u s t  h a v e  b e e n  f o r m e d ,  w h i c h ,  a c c o r d i n g  t o  t h e  r e a c t i o n  ( n ,  p )  i n  
n i t r o g e n ,  p r o d u c e  C 1 4 .  An a n a l y s i s  s h o w s  t h a t ,  for e v e r y  a n t i n u -  
c l e o n  a n n i h i l a t e d ,  2-3 n e u t r o n s  a r e  f o r m e d ,  n o t  824, as  Cowan, A t -  /27 
l u r i ,  a n d  L i b b y  s t a t e d  C471. T h e n ,  w i t h  t h e  t o t a l  e n e r g y  o f  t h e  
T u n g u s  b o d y  e q u a l  t o  l o z 4  e r g ,  t h e  t o t a l  n u m b e r  o f  C 1 4  n u c 1 e . i  p r o -  
d u c e d  s h o u l d  b e  (6-1O)*1Oz6, i . e .  t h e  c h a n g e  i n  t h e  C 1 4  c o n t e n t  i s  
2-3%. I f  w e  t a k e  t h e  minimum e s t i m a t e  f o r  t h e  e n e r g y  o f  t h e  Tun- 
g u s  b o d y  a s  1 0 2 3 e r g ,  w e  o b t a i n  a n  i n c r e a s e  o f  (0.2-0.31%. Cowan, 
L i b b y ,  a n d  A t l u r i  d e t e r m i n e d  t h e  C 1 4  c o n c e n t r a t i o n  i n  t h e  a n n u a l  
l a y e r s  o f  wood ( o a k  a n d  s p r u c e  f r o m  t h e  s t a t e  o f  A r i z o n a )  f r o m  
1870 t o  1936, w i t h  a n  a c c u r a c y  of 0 . 3 % .  The  r e s u l t s  t h e y  o b t a i n e d  
a r e  shown  i n  F i g u r e  1 0 .  A s  we c a n  s e e  f r o m  t h e  d a t a  p r e s e n t e d ,  
t h e  a c t i v i t y  o f  C 1 4  i n  1909 i n c r e a s e d  b y  1% i n  c o m p a r i s o n  w i t h  t h e  
y e a r s  1908 a n d  1910. T h i s  i n c r e a s e  i s  w i t h i n  t h e  r a n g e  o f  m e a s u r e -  
m e n t  e r r o r  a n d  w e  c a n  t h e r e f o r e  c o n c l u d e  t h a t  a c o n f i r m a t i o n  o f  
t h e  a n t i m a t t e r  h y p o t h e s i s  i s ,  i n  any  c a s e ,  r i s k y .  

A t  t h e  I n s t i t u t e  i m e n i  V e r n a d s k i y ,  s t u d i e s  w e r e  c o n d u c t e d  C481 
t o  d e t e r m i n e  S h e  C 1 4  c o n t e n t  i n  t h e  a n n u a l  r i n g s  o f  a t r e e  f r o m  
t h e  r e g i o n  w h e r e  t h e  T u n g u s  b o d y  e x p l o d e d .  The  r e s u l t s  o f  t h e  s t u d -  
i e s  a r e  shown  i n  a f i g u r e  i n  C471.  An 1 4 0 - y e a r - o l d  l a r c h ,  w h i c h  
w a s  f e l l e d  i n  t h e  a u t u m n  o f  1961, s e r v e d  a s  t h e  o b j e c t  o f  t h e  s t u d y .  
The  v e g e t a t i v e  p e r i o d  f o r  t h a t  t y p e  o f  t r e e  l a s t s  f r o m  t h e  e n d  o f  
May t o  t h e  m i d d l e  o f  S e p t e m b e r ,  a n d ,  t h e r e f o r e ,  w e  s h o u l d  e x p e c t  
a n  i n c r e a s e  i n  C 1 4  i n  t h e  r i n g  o f  1908. A s  w e  c a n  s e e  f r o m  t h e  
d a t a  o b t a i n e d  ( F i g .  lo), t h e  c o n t e n t  i n  t h e  1908 r i n g s  w a s  g r e a t e r '  
t h a n  f o r  1 9 0 9  a n d  1910. I t  w o u l d  seem t h a t  t h e  r e s e n c e  o f  a c o n -  
n e c t i o n  b e t w e e n  t h e  T u n g u s  c a t a s t r o p h e  a n d  t h e  C p 4  c o n t e n t  i n  t h e  
E a r t h ' s  a t m o s p h e r e  i s  s u b s t a n t i a t e d .  H o w e v e r ,  a s  i n  C471 ,  t h e  meas- 
u r e m e n t  e r r o r  e x c e e d s  t h e  d i f f e r e n c e  b e t w e e n  c o n c e n t r a t i o n s  f o r  
t h e  y e a r s  1908, 1909, a n d  1910. T h e r e f o r e ,  i n  o u r  o p i n i o n ,  t h e  
s i n g l e  c o n c l u s i o n  w h i c h  w e  c a n  make f r o m  t h e  d a t a  o b t a i n e d  i n  [47, 
481 i s  t h a t  t h e  e x p e r i m e n t a l  d a t a  on  C 1 4  d o  n o t  e x c l u d e  t h e  p o s -  
s i b i l i t y  of  a n  a n t i m a t e r i a l  n a t u r e  f o r  t h e  T u n g u s  b o d y .  

A n o t h e r  s u b s t a n t i a l  o b j e c t i o n  t o  t h e  i d e a  of  a n  a n t i m a t e r i a l  
n a t u r e  f o r  t h e  T u n g u s  b o d y  i s  t h a t  t h e  p r o b a b i l i t y  o f  a n  a n t i b o d y  
p e n e t r a t i n g  i n t o  t h e  a t m o s p h e r e  t o  s u c h  a g r e a t  d e p t h  i s  v e r y  l o w .  

V e n k a t a v a r a d a n  [ 5 1 ]  c o n s i d e r s  t h a t  t h e  c h a n g e  i n  t h e  C 1 4  c o n -  
t e n t  i n  t h e  E a r t h ' s  a t m o s p h e r e  a r o u n d  1908 w a s  c a u s e d  by c y c l i c  
s o l a r  a c t i v i t y .  I n  1909, w e  f i n d  o n e  o f  t h e  m i n i m a  f o r  s o l a r  a c t i -  
v i t y ,  a n d  t h i s  c o u l d  c o r r e s p o n d  i n  p r i n c i p l e  t o  t h e  i n c r e a s e  i n  
C 1 4 .  H o w e v e r ,  w e  w i l l  n o t e  t h a t  a c o m p a r i s o n  o f  t h e  r e l a t i o n s h i p  
o f  t h e  n u m b e r s  o f  s p o t s  ( F i g .  11) t o  t i m e ,  w i t h  t h e  d a t a  o f  F i g u r e  
1 0 ,  s h o w s  t h a t  t h e  minimum a n d  maximum i n  F i g u r e  1 0  d o  n o t  n e c e s -  
s a r i l y  c o r r e s p o n d  w i t h  t h e  minimum a n d  maximum o f  F i g u r e  11. T h u s ,  
w e  c a n n o t  c o n s i d e r  t h e  q u e s t i o n  of t h e  c o n n e c t i o n  o f  t h e  C 1 4  c o n -  
t e n t  w i t h  t h e  T u n g u s  c a t a s t r o p h e  t o  h a v e  b e e n  s o l v e d .  F u r t h e r  
i n v e s t i g a t i o n s  a r e  n e c e s s a r y .  

- /28 
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V I  I .  Bri ef  Concl u s i  o n s  

I .  The  q u e s t i o n  o f  t h e  p o s s i b i l i t y  o f  s t u d y i n g  v a r i o u s  a s t r o -  
p h y s i c a l  p h e n o m e n a  ( t h e  c y c l i c  a c t i v i t y  o f  t h e  S u n ,  f l a r e s  f r o m  
s u p e r n o v a e ,  e t c . )  b y  d e t e r m i n i n g  t h e  r a d i o c a r b o n  c o n t e n t  i n  d e n d r o -  
c h r o n o l o g i c a l l y  d a t e d  s a m p l e s  w a s  e x a m i n e d .  

11. I t  w a s  shown t h a t  f l a r e s  f r o m  s u p e r n o v a e  c a n  c o i n c i d e  
w i t h  a n  i n c r e a s e  o f  t h e  C14 c o n c e n t r a t i o n  i n  t h e  E a r t h ' s  a t m o s p h e r e  
t o  a v a l u e  w h i c h  c a n  b e  r e c o r d e d ,  i f ,  a t  t h e  t i m e  o f  t h e  f l a r e s ,  
y -  q u a n t a  a r e  e m i t t e d  w i t h  a t o t a l  e n e r g y  w h i c h  i s  n o t  much l e s s  
t h a n  t h e  e n e r g y  o f  c o s m i c  r a y s .  

I f  a c o r r e l a t i o n  b e t w e e n  f l a r e s  f r o m  s u p e r n o v a e  a n d  t h e  r a d i o -  
c a r b o n  c o n c e n t r a t i o n  i n  t h e  E a r t h ' s  a t m o s p h e r e  i s  f o u n d  d u r i n g  t h e  
e x p e r i m e n t ,  i t  t h e n  b e c o m e s  p o s s i b l e  t o  o b t a i n  i n f o r m a t i o n  on  t h e  
c h a r a c t e r i s t i c s  o f  t h e  f l a r e s  a n d ,  i n  p a r t i c u l a r ,  t o  d e t e r m i n e  t h e  
t o t a l  e n e r g y  o f  t h e  y - c o m p o n e n t .  

A k n o w l e d g e  o f  t h e  b e h a v i o r  of t h e  C 1 4  c o n c e n t r a t i o n  w i t h  t i m e  
i n  t h e  E a r t h ' s  a t m o s p h e r e  p e r m i t s  a d e t e r m i n a t i o n  o f  t h e  c h a r a c -  
t e r i s t i c  t i m e s  f o r  d i s p e r s i o n  i n t o  v a r i o u s  r e s e r v o i r s .  M o r e o v e r ,  
i t  b e c o m e s  p o s s i b l e  t o  d e t e r m i n e  t h e  d a t e s  f o r  f l a r e s  w h i c h  h a v e  
n o t  y e t  b e e n  d i s c o v e r e d  a n d  t o  d e t e r m i n e  t h e i r  c h a r a c t e r i s t i c s .  

111. D e t a i l e d  s t u d i e s  o f  t h e  C 1 4  c o n t e n t  i n  t h e  E a r t h ' s  a t -  
m o s p h e r e  f o r  a l o n g  i n t e r v a l  o f  t i m e  i n  t h e  p a s t  p e r m i t  d e t e r m i n a -  
t i o n  o f  t h e  s t a t e  o f  s o l a r  a c t i v i t y  i n  v a r i o u s  y e a r s  i n  t h e  p a s t ,  
a n d  c l a r i f i c a t i o n  o f  t h e  p r i n c i p l e s  o f  t h e  a c t i v i t y  o f  t h e  S u n .  

I V .  I n  o r d e r  t o  f u l f i l l  t h e  c o m p l e x  p r o g r a m  for " A s t r o p h y s i c a l  
P h e n o m e n a  a n d  R a d i o c a r b o n " ,  t h e  f o l l o w i n g  a r e  n e c e s s a r y :  /29 

(1) D e v e l o p m e n t  o f  t h e  d e n d r o c h r o n o l o g i c a l  m e t h o d  o f  d e t e r -  
m i n i n g  t h e  a g e  o f  wood f o r  a b r o a d  r a n g e  o f  t i m e  f r o m  t h e  p r e s e n t  . 
t o  s e v e r a l  t h o u s a n d  y e a r s  B . C .  and m o r e .  

( 2 )  D e v e l o p m e n t  o f  m e t h o d s  f o r  d e t e r m i n i n g  t h e  C14 c o n c e n t r a -  
t i o n  w i t h  a n  a c c u r a c y  o f  ( 0 . 3 - 0 . 1 1 % .  I n  t h i s  c a s e ,  w e  m u s t  p a y  
s p e c i a l  a t t e n t i o n  t o  t h e  p r o b l e m  o f  t h e  s t a b i l i t y  o f  t h e  e x p e r i -  
m e n t a l  a p p a r a t u s  a n d  t h e  r e p r o d u c i b i l i t y  o f  t h e  r e s u l t s .  

I n  o r d e r  t o  i m p r o v e  t h e  b a s i c  p a r a m e t e r s  ( a c c u r a c y ,  s t a b i l i t y ,  
r e p r o d u c i b i l i t y )  o f  c u r r e n t  m e t h o d s  f o r  r e c o r d i n g  C 1 4  ( p r o p o r t i o n a l  
a n d  s c i n t i l l a t i o n  r e c o r d e r s )  w e  m u s t  g o  b e y o n d  t h e  o b v i o u s  m e t h o d s  
( d e c r e a s e  i n  t h e  b a c k g r o u n d ,  i n c r e a s e  i n  t h e  s i z e  o f  t h e  d e t e c t o r ,  
a p p l i c a t i o n  o f  s t a b i l i z a t i o n  s y s t e m s )  t o  d e v e l o p  m e t h o d s  f o r  e n -  
r i c h m e n t  of  C14 r e l a t i v e  t o  C12 and C 1 3 .  T h u s ,  f o r  e x a m p l e ,  e n -  
r i c h m e n t  b y  a f a c t o r  o f  1 0 0  ( a l l  e l s e  b e i n g  e q u a l )  r e s u l t s  i n  a 
t e n - f o l d  i n c r e a s e  i n  t h e  s t a t i s t i c a l  a c c u r a c y .  On t h e  o t h e r  h a n d ,  
w i t h  e x a c t l y  t h e  same s t a t i s t i c a l  a c c u r a c y ,  work  w i t h  e n r i c h e d  
c a r b o n  r e q u i r e s  l e s s  t i m e ,  a n d ,  c o r r e s p o n d i n g l y ,  p r o d u c e s  more  
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stable and reproducible results. 

In a number of cases, particularly when working with very old 
samples, the quantity of carbon will be limited. In this case, a 
mass-spectrometric method of determining the quantity of C I 4  atoms 
may be more promising. The sensitivity of the mass-spectrometric 
method can reach lo1' atoms of C I 4  (a gain, in comparison with 
existing methods, by a factor of 30) C 5 2 1 .  The production of 
highly-sensitive mass-spectrometers and an enrichment of C l 4  rela- 
tive to C l 2  and C l 3  can ensure an increase in the age limit ac- 
cessible for measurement. 

( 3 )  Development of a qualitative mechanism for the connection 
between astrophysical phenomena and the radiocarbon content in the 
Earth's atmosphere. 

V. We admit that realizing the complete program for studies 
of the problem of "Astrophysical Phenomena and Radiocarbon'' in- 
volves serious difficulties. Despite this fact, we find it neces- 
sary to conduct such studies, since they entail (besides the con- 
siderations mentioned above): 

(a) A sharp increase in the level of dendrochronological stud- 
ies in the USSR. 

(b) An improvement of the basic parameters (accuracy, repro- / 3 0  
ducibility) of the existing methods for recording C 1 4  atoms; this 
permits the traditional radiocarbon dating measurements of the 
samples to be conducted with great accuracy and reliability in a 
shorter period of time. 

- 

(c) An increase in the range of measurements of the age of 
the samples up to 100,000 years. 

VI. A knowledge of the annual variations of C 1 4  in the Earth's 
atmosphere permits dating archeological wood (in principle, to 
within 1 year), not according to its average activity, but according 
to the curve of the annual variations. 
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F i g .  1. L u m i n o s i t y  o f  S u p e r n o v a e  o f  t h e  F i r s t  T y p e  v e r s u s  T i m e .  /31 

I I I I 

/ 3 2  F i g .  2 .  Change  i n  C I 4  C o n c e n t r a t i o n  i n  t h e  E a r t h ' s  A t m o s p h e r e  
a f t e r  a F l a r e  f r o m  a S u p e r n o v a :  (1)v = 3 0 ,  ( 2 )  v = 6 0 .  
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Fig. 3 .  Function F 1  versus the Period of Change in the Rate of 
C I 4  Production: (1) v = 3 0 ,  ( 2 )  v = 6 0 .  
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F i g .  4 .  V a r i a t i o n s  of  R a d i o -  F i g .  5 .  V a r i a t i o n s  i n  R a d i o -  / 3 5  
c a r b o n  C o n c e n t r a t i o n  i n  t h e  c a r b o n  C o n c e n t r a t i o n  i n  t h e  
E a r t h ' s  A t m o s p h e r e  for t h e  E a r t h ' s  A t m o s p h e r e  for t h e  Last  
L a s t  3 0 0 0  Yea r s ,  a c c o r d i n g  3 0 0 0  Y e a r s ,  a c c o r d i n g  t o  t h e  
t o  S u e s s '  Data C81. Data i n  [ 9 ] .  

- 
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F i g .  6 .  V a r i a t i o n s  i n  C I 4  C o n c e n t r a t i o n  i n  t h e  E a r t h ' s  A t m o s p h e r e  / 3 6  
for t h e  L a s t  3 0 0 0  Yea r s ,  a c c o r d i n g  t o  t h e  Data  i n  [lo] ( c i r c l e s )  

- 
a n d  C11l ( d o t s ) .  
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F i g .  7 .  V a r i a t i o n s  i n  C I 4  C o n c e n t r a t i o n  i n  t h e  E a r t h ’ s  A t m o s p h e r e  / 3 7  
f o r  t h e  L a s t  1 0 0 0  Years ,  a c c o r d i n g  t o  t h e  Data i n  C81.  
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Fig. 9 .  Number of Sunspots versus Time C491.  / 3 9  - 

Fig. 1 0 .  C 1 4  Concentration in Dendrochronologically Dated Tree /40 
Rings: 0 - according to the data in C 4 8 1 , C p  - according to the 

data in C 4 7 1 .  
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Fig. 11. Number of S u n s p o t s  v e r s u s  Time C 4 9 1 .  
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